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PREFACE 


More and more the public is becoming aware of the hazards 
of our invisible ally, the x-ray. Once used with abandon, the 
x-ray soon showed us that if we are to continue using it at all, 
we shall have to treat it with a lot more respect than we have 
done in the past. It has shown us in no uncertain manner that 
the price of disrespect can be sterility, skin disorders, blood 
dyscrasias, cancer, and death. This is indeed an ally with a 
sting in its tail. 

The public knows a little about this sting now and is afraid. 
The pendulum has swung, and the x-ray machine, once nothing 
but a big friendly box camera, has now become a mean little 
atomic reactor. Almost daily the dentist is asked, “How much 
of that stuff is safe, Doc?” Or occasionally he is told flatly, 
‘“That’s not for me. Fix my teeth without x-rays or I will go 
somewhere else.” 

Thus, even to the most indifferent among us, the problem is 
brought home. People ask questions. Dentists are expected to 
supply the answers. 

Many dentists, hopefully the majority, do not need public 
pressure or legislation to make them stay abreast with the latest 
developments in any particular field. The time is rapidly ap- 
proaching when the laggards will be forced, if necessary, to 
keep up as well. How often have you heard, nay, said your- 
self, “I'd like to read more, but my assistant books me so 
heavily that I just haven’t the time.” This self-consoling, self- 
justifying excuse will soon be stripped from its users. Dental 
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boards may well have to set examinations to ensure that 
dentists keep abreast of the developments in the important and 
potentially dangerous field of x-radiation. Thus it is that, 
whether dentists like it or not, they shall have to find the time, 
or make the time, to learn whatever they can about x-radiation, 
its properties, and its dangers. They shall have to become as 
familiar with such terms as background radiation, ionization, 


o > minimum lethal dose, roentgen, and half-value layer as they 


are with mesio-occlusal and interproximal space. 

Hiroshima, the Nevada desert, Siberia, and Woomera are 
names that have affected us all, for here man has exploded 
atomic bombs and in the process has showered himself with 
radioactive particles. How much of this can we take without 
it affecting us and our offspring? Can we continue using x-rays 
for medical and dental purposes? If we can, how much is safe? 
To what other sources of radiation are we subjected without 
our knowing it? It is said that a television set puts out x-rays, 
and even a luminous watch dial can make a Geiger counter 
click. Is this true? If it is, where do we go from here? What is 
radiation? How does it react with human tissue? How can 
dental radiation to the population be decreased without inter- 
fering with present diagnostic procedures? Here, then, is the 
scope of this book. 

The biologic and genetic effects of ionizing radiation are 
under constant investigation. The dynamics of these studies 
are such that opinions often vary and are at times quite di- 
vergent. The intricacies of the subject matter and the need 
for simplicity in a text of this type have complicated the writ- 
ing of this book. It is hoped that the practitioner of dentistry 
will find this book understandable and helpful and that he will 
use the information to the advantage of society. The prac- 
titioner must be mindful of the fact that, as in any field which 
is actively under investigation, changes will be made in present- 
day thinking. For this reason, this book must be used in the 
light of future developments. 

It was impossible to develop this book without assistance 
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from many sources. Tribute is paid to Dr. Joseph F. Volker, 
Dean of the University of Alabama School of Dentistry, who 
continually encourages and assists members of his faculty to 
expand their efforts toward the development and dissemina- 
tion of knowledge in the areas of their academic interest. 
Special gratitude is expressed to the members of the Division of 
Radiological Health, United States Public Health Service, and 
particularly to Dr. Clifford Nelson for his painstaking editing 
of the manuscript and for most helpful suggestions. Grateful 
acknowledgment is made to Dr. Morton C. Bloom, Dr. Lincoln 
R. Manson-Hing, and Dr. William S. Reynolds, who were kind 
enough to peruse the manuscript and offer suggestions based 
on their competencies. To my secretary, Mrs. David Abts, 
goes sincere thanks for her assistance in typing and retyping 
the manuscript as revisions complying with recommendations of 
people having a diversity of outlook and experience became 
necessary. Finally, to Miss Gertrude Sinnett thanks are ex- 
pressed for her extensive help in compiling and editing the 
manuscript. 


Arthur H. Wuehrmann 
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Chapter 1 
INTRODUCTION 





Ionizing radiation along with other agents such as heat or 
chemicals are believed to have had a genetic effect on the de- 
velopment of the human race. Nonman-induced radiation in 
the form of cosmic radiation from the atmosphere and radio- 
active discharges from unstable elements in the earth itself 
have existed in man’s environment since the earth began. This 
is background radiation. The x-ray was discovered by Wilhelm 
Konrad Roentgen in 1895, and since that time its use in medi- 
cine and dentistry has increased until the average amount of 
radiation reaching the population from diagnostic and thera- 
peutic procedures has been estimated to exceed that from back- 
ground radiation. To this must be added the comparatively 
small but ever-increasing amounts of radiation reaching man 
from military and industrial sources. 

In other words, man has been subjected to X amount of 
ionizing radiation constantly through aeons of time; he has 
evolved in this type of environment, and indeed his evolution 
may be directly related to genetic changes resulting from the 
constant bombardment of the gonads by background radiation. 
It now appears probable that somewhat less than half the spon- 
taneous mutations in man are caused by radiation from natural 
sources.* Although most of the genetic changes were probably 
deleterious, survival of the fittest may have eliminated the un- 
fortunate changes and permitted only the beneficial alterations 
to be passed on to progeny. Now man, through medical and 
dental uses of x-radiation, is subjected to more than two times 
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an amount which can be considered normal, and it seems 
reasonable to anticipate an acceleration in whatever effects the 
previous total radiation may have had. 

The possible effect of increased radiation, either man-made 
or natural, on the spontaneous mutation rate in man is dem- 
onstrated in a study by Gentry and associates? in New York 
State. A comparison was made between the mutation rates 
of people living in areas having relatively high natural radio- 
activity as opposed to those residing in locations evidencing a 
low background count. Although the study is not of sufficient 
scope to draw definitive conclusions, it strongly suggests that a 
direct relationship between high natural radioactivity and an 
increased mutation rate exists. 

While increases in man’s health, standards of living, mili- 
tary preparedness, and longevity justify the increased use of 
radiation, it becomes obvious that practitioners of medicine 
and dentistry must be judicious when using such energy. In 
order to exercise care, one must be well informed about the 
many aspects and ramifications of radiation production and 
effects. 

Fortunately, the dental profession probably contributes only 
a small fraction of the total whole-body radiation accrued from 
the health sciences. Nevertheless, dentistry cannot adopt a share 
concept wherein it can be complacent as long as the total 
dental contribution is small in comparison with medicine. The 
effects of doubling normal amounts (background) of radiation, 
that is, radiation emanating from the atmosphere and from 
the unstable elements in the earth, are not as yet known. The 
effects, however, are not reversible, and any amount of radia- 
tion adds to the amount of background radiation. With these 
thoughts in mind, it becomes inconceivable that some dentists 
or groups of dentists as large as district dental societies have 
evidenced disinterest. Many dentists have not had the oppor- 
tunity to receive specialized training in the physical, mechan- 
ical, and diagnostic aspects of oral roentgenology, and for this 
reason they are not knowledgeable of the type of radiation they 
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are using. The possibility exists that the privilege of using 
x-radiation may be withdrawn from practitioners of the health 
sciences who do not have an interest in further study. This 
would seriously impair the effective practice of dentistry. It is 
to be hoped that the dental profession will make unnecessary 
such a drastic legislative step. This can be accomplished merely 
by gaining and using applicable knowledge. 

Dentistry is a treatment profession; diagnostic procedures 
which should precede treatment are often minimized because 
of demands for therapy. It is understandable, though unfor- 
tunate, that the busy dentist is left with little time and energy 
for continuing study. And yet, as a practitioner in the health 
sciences, he must budget his energies and allow time for learn- 
ing. Whereas the dentist can provide a reasonably adequate 
technical service for his patient even though he does not keep 
abreast of the most recent advances in techniques, he may do his 
patient a disservice if he is not well informed about broad re- 
visions of thought as they relate to the more basic biologic 
aspects of dental practice. Recent developments in the radi- 
ologic health field exemplify the type of thought change with 
which dentists, as users of radiation, must be familiar; this 1s 
essential morally, ethically, and legally. 

Unfortunately, the available knowledge is widely scattered in 
many scientific publications, most of which are of a nondental 
nature. Because of a shortage of time and the unavailability 
of authoritative articles, the average dentist may not be well 
informed about problems relating to x-radiation. It 1s the pur- 
pose of this text to bring this information to the dentist in a 
simplified, understandable, easily readable form. Most of the 
statements to be made have now become general knowledge 
and may be found in many scientific publications. For this 
reason, detailed references are not made except in the case of 
direct quotes or controversy. 

It should be emphasized that this book is not designed as a 
scientific textbook. It is written solely for the use of the general 
practitioner, with the hope that, through the application of its 
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contents, the practitioner may more adequately protect his pa- 
tients, employees, himself, and personnel in areas adjoining his 
dental office. The content of this text is in accordance with 
present knowledge which admittedly is accumulating and 
changing rapidly. 


NUCLEAR NEUROSIS 


Human beings can sense cold, heat, and hunger and can 
act to protect themselves from these adverse circumstances. 
X-radiation is invisible and insidious. Only its effects may be 
observed and these perhaps only years later. Because of these 
characteristics, radiation does not ordinarily arouse a great deal 
of public sentiment. However, an overly motivated public can 
become unduly incensed through fear and ignorance and be- 
cause of the frustration of not being able to control its own 
destiny. The mass of the population learns about things like 
radiation through the media of the newspaper, radio, and tele- 
vision. To a far lesser extent, people learn from reading au- 
thoritative material or through conversations with the dentist 
or physician who takes the time to discuss these matters with 
them. From time to time the public has become alarmed, and 
then, in a cyclic fashion, the emotions of the masses have sub- 
sided. Nuclear accidents and periodic increases in radioactive 
fallout will probably become more frequent, and the public 1s 
likely to become increasingly sensitive to the manifold problems 
associated with ionizing radiation. The dentist should know the 
facts and attempt to educate his clientele whenever possible. 
Above all, he must be prepared to authoritatively correct mis- 
representations and misunderstandings. 


The Fourth Estate—Responsibility and Irresponsibility 


Freedom of the press, and this includes radio and television, 
is essential to democracy. But with this freedom goes a re- 
sponsibility for accurately reporting facts in true context. Un- 
fortunately, the population masses read only the large print 
and listen only to the loud, emphatic words of silver-tongued 
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orators. Writers and commentators, therefore, have a moral re- 
sponsibility to be factual as well as dramatic. This responsibility 
is often given only token recognition. Half-truths and state- 
ments out of context are used, sometimes deliberately and other 
times in ignorance. The dental profession, along with other 
interested members of the health sciences, are forced to com- 
bat and correct unnecessary inaccuracies. 

Examples of good and poor headlines and their effects are 
as follows: “The truth about the x-ray scare” makes people 
want to find out the truth; it encourages them to read the text. 
But “Scatter x-rays peril dentists” suggests immediately that 
x-rays are bad. “Scientists advise curbs on exposure to x-rays” 
effectively highlights the content of a newspaper article. 
But anyone reading this headline tends to assume the worst. 
One’s immediate reaction is that of curbing, on a subjective or 
emotional basis, all personal exposure to x-rays. Radio and 
television commentators, perhaps only one or two national fig- 
ures in particular, have rendered a tremendous disservice to 
the people and to those in the health sciences. This disservice 
has resulted either because of their ignorance or because of a 
dependence on drama to maintain their popularity. 

It is worth while to quote from some of these broadcasts: 
“If you are standing in your front yard when a modern atomic 
missile bursts 5 miles up directly over your head, you will be 
exposed to atomic radiation. But from one standard chest 
x-ray, you are exposed to 100 times that dosage. . . . maybe 
the cigarette has received an unjust share of the blame for lung 
cancer. Well-meaning societies seeking to prevent T.B. offer 
lung x-rays free.” 

In another portion of the same broadcast the commentator 
states: “We should limit ourselves to a radiation dose in the 
area of the reproductive glands of not more than 10 roentgen 
units from conception until age 30. Not more than 10 r in 30 
years. Now hear this—You get 5 from one dental x-ray and a 
fraction of that dental x-ray spills over, strays to the repro- 
ductive organs.” 
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The figure of 5 r for one dental x-ray is high, but of greater 
importance is the fact that most persons ordinarily think of a 
fraction in terms of a quarter or a half or an eighth or per- 
haps a sixteenth. The fraction that the commentator was talk- 
ing about was a maximum of 5 999 of an r or less, but he did 
not say so. Again, this commentator assumes the prerogatives 
of the physician when he says, “If Junior swallows a safety pin, 
x-ray may be worth the risk involved IF THE X-RAY IS PER- 
FORMED BY A SPECIALIST IN THAT FIELD. If Junior swallows a 
dime, no!” And then he becomes the dental diagnostician when 
he states, “If there is a tooth problem of abscess or impaction, 
x-ray may be the lesser of evils. I said it may be. Certainly not 
for a routine dental examination!” 

Statements of this type are listened to or read by dental pa- 
tients. This is deliberate or unintentional misuse of the freedom 
of the press. However, there is little that the professions can 
do directly to eliminate such misrepresentation of facts. It 1s 
this type of misinformation with which dentists must contend. 
In order to refute such statements effectively, members of the 
health sciences must be well informed and willing to give their 
time for patient education. 


REACTION OF THE PUBLIC 


The old adage “seeing is believing” can well be modified to 
express the reaction of the public to the information gathered 
through the press, radio, movies, and television. Seeing, read- 
ing, and hearing, particularly seeing and hearing concurrently, 
are analogous to believing for the average person. Only those 
who are discerning and well informed refuse to accept at face 
value idle statements made by people in positions of authority. 

The public, of course, has every right to protect itself from 
danger of any type, and, to varying degrees, it has taken steps 
to control the utilization of x-radiation. These efforts have ex- 
tended from temporary fears resulting in refusals of additional 
x-radiation to actual legislation. A number of states have passed 
and are in the process of enforcing laws which control the use 
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of x-radiation®; other states have started programs of vol- 
untary registration of equipment as an initial control meas- 
ure. Some dental societies at the state or district level have 
taken it upon themselves to provide their membership with 
information and equipment designed to reduce the amount of 
patient irradiation. 

It is interesting to reflect briefly on probable federal action 
in the control of x-radiation. In the past, the Atomic Energy 
Commission has developed, promoted, and controlled man- 
made ionizing radiation; x-radiation has largely been excluded 
from any controlling measures. Public sentiment is presently 
very strong against continuing to vest both developmental, pro- 
motional, and controlling powers in one agency, and it is likely 
that control over public exposure to ionizing radiation will 
come under the jurisdiction of the United States Public Health 
Service and state health agencies (S-1628 currently pending in 
Congress). ‘The Atomic Energy Commission will probably con- 
tinue to police only its own installations. These suppositions are 
supported by the fact that, on August 14, 1959, President 
Eisenhower issued an executive order establishing the Federal 
Radiation Council; the Secretary of Health, Education, and 
Welfare was named chairman of the Council. The Public 
Health Service and its Division of Radiological Health operate 
within the Department of Health, Education, and Welfare. The 
stated purpose of the Council is to “. . . advise the President 
with respect to radiation matters, directly or indirectly af- 
fecting health, including guidance for all Federal agencies in 
the formulation of radiation standards and in the establishment 
and execution of programs of cooperation with States . . .”* Sub- 
sequently, Congress supported the President’s action by enacting 
legislation that gave permanency to the Federal Radiation 
Council (Public Law 86-373). As such measures become law, 





*From Federal Radiation Council: Radiation Protection Guidance 
for Federal Agencies; Memorandum for the President. Reprinted from 
the Federal Register, May 18, 1960. 
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it is likely that considerably more attention will be given to 
users of x-radiation and to their equipment. This is as it should 
be since, as has been stated previously, x-radiation alone in the 
United States accounts for a doubling of the gonadal dose re- 
ceived from background sources by the average person in the 
population. 


HOW MANY DIAGNOSTIC 
ROENTGENOGRAPHIC FILMS ARE SAFE? 


How many diagnostic films are safe? This is a question of 
paramount importance to anyone who uses x-radiation for 
diagnostic purposes. The answer can be made extremely com- 
plex. As a matter of fact, this entire book constitutes an answer 
to the question. But there is also a simple answer—one that 
the dentist can give to his patients with complete honesty and 
sincerity. Dental x-ray films are essential to adequate oral di- 
agnosis. Any amount of x-radiation needed to produce diag- 
nostic films preliminary to dental treatment and supplementary 
films in the course of treatment is safe, provided that the den- 
tist has done everything possible to reduce such radiation to a 
minimum. To be sure, all radiation is harmful, and, at least 
to some extent, it is accumulative. But the ratio of harm to 
benefit leaves no doubt about the advisability of the continued 
use of x-radiation. This philosophy also applies to pregnant: 
women and young children; if radiation is indicated, it should 
be used. There is no authoritative source or agency that has at- 
tempted or intends to dictate to physicians or dentists the 
amount of specific-area x-radiation beyond which they must 
restrict exposure in spite of diagnostic need. 

It will be noted at once that these statements place a consid- 
erable responsibility upon the user of x-radiation. The physician. 
who treats acne with x-radiation must judge whether the acne 
or the radiation is the greater evil and whether there is any 
other possible means of successful treatment rather than x-radi- 
ation. By the same token, the dentist must ask himself whether 
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a complete mouth roentgenographic survey is essential each 
year, and whether he is using diaphragms, films, filters, pro- 
tective aprons, and techniques which minimize patient ex- 
posure. The dentist must also question whether the necessity 
for retaking films is due to his own inadequacies which he 
could remedy or to a real need for additional diagnostic in- 
formation. Although it is unlikely that anyone will supervise 
the physician or dentist in his use of x-radiation for diagnostic 
purposes, it is probable that standards will be set for equip- 
ment, and users of x-radiation will be expected to demonstrate 
knowledge about the equipment and its use. 


PRESENT DILEMMAS IN 
DENTAL ROENTGENOLOGY 


There are at least three notable and important dilemmas 
which face dentistry in its use of x-radiation. 

First, dentistry, unlike medicine, suffers from a lack of quali- 
fied radiologic specialists. At the present time there are no 
“‘board-qualified” dental radiologists because the American 
Dental Association has not recognized dental radiology as a 
specialty. (The word “radiology” is used here advisedly. The 
prefix “roentgeno” applies to the use of rays having a wave 
length similar to those discovered by Roentgen. The use of the 
prefix “radio” implies broader concepts and knowledge which 
extend into the use of additional kinds of ionizing radiation.) 
The only existing specialty group in this field is comprised of 
the fellows and members of the American Academy of Oral 
Roentgenology. This policy of the American Dental Associa- 
tion is no doubt based partially on the negative attitude of the 
general practitoner relative to the referral of his patients for 
specialized roentgenographic services and partly on the fact 
that those persons engaged in specialized roentgenographic 
practices and teaching have not developed the science suf- 
ficiently. 

In defense of the American Dental Association, it must be 
emphasized that there is real doubt about the advisability of 
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creating such a specialty group within the dental profession at 
the present time. The dentists who would be eligible for board 
status would be few in number. At present, the only justifica- 
tions for recognizing oral radiology as a specialty by the Ameri- 
can Dental Association are the following: (1) the desirability 
of developing well-qualified specialists in oral radiology; (2) 
the present rapid expansion of knowledge, interest, and com- 
petency in this field; and (3) the need for encouraging those 
few persons whose efforts have done so much to advance 
knowledge in this aspect of dentistry and those persons who 
are contemplating study in this expanding field, but who may 
be discouraged from participating because of the obvious lack 
of specialty stature. 

Specialization in oral radiology has been impeded through the 
general use of x-radiation by the dental profession; it can be 
argued that if all practitioners of dentistry use x-radiation, the 
science is not of a specialized nature. But this is invalid. The 
specialty of oral radiology can, will, and must develop if den- 
tistry is to progress as it should. 

This brings us to the second dilemma facing dentistry. 
Should the production and interpretation of roentgenographic 
films, as well as the development of the science, be placed in the 
hands of a specialty group? To do so would impede progress in 
the clinical sense. Good dentistry depends so much on roent- 
genographic information; to eliminate its easy availability from 
the dentist’s armamentarium would be a serious handicap. 
Conversely, however, the patient would profit through the ad- 
vanced knowledge of the specialist just as he does when con- 
sulting specialists in other fields. In view of the serious bi- 
ologic questions which have given rise to this book, this de- 
cision may be made by other than the profession itself. Or a 
solution may be effected whereby the dentist is permitted to 
supplement his therapy as needed by single or occasional roent- 
genograms, but initial complete roentgenographic surveys in- 
cluding specialized techniques will be made and interpreted by 
the specialist. 
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This entire problem centers about the adequacy of the prac- 
titioner in this area of dentistry. How good are his techniques? 
What is his ability to interpret what he sees? And, how well 
informed is he about the radiation that he is using? To re- 
phrase, can he render a really high-caliber service to the pub- 
lic, or would this service be better accomplished through the 
use of specialists? Unlike some of the other specialties, the 
effects of poor technique or interpretative incompetency are 
often never discovered. The public relies on the ethics and 
self-judgment of the practitioner. 

The third dilemma in dentistry centers about the attitudes of 
prominent dental personalities with respect to the use and 
harmful effects of x-radiation. Some dentists of distinction and 
excellent reputation tend to belittle many of the more recently 
advanced ideas and concepts; their treatment of facts and/or 
probabilities is often subjective. It is interesting to note the 
strong similarity between the dentists’ reaction to facts about 
radiation and the concepts of some of the lay public relative 
to fluoridation of water. Dentists bemoan the fact that ig- 
norant groups of lay personalities refuse to accept and may even 
violently oppose the scientific evidence about fluoridation which 
dentists and their coinvestigators have provided. Dentists tend 
to be of the opinion, and rightly so, that the uninformed should 
not be permitted to exert such a strong minority influence on 
decisions to implement as important a health measure as 
fluoridation of water. And yet, interestingly, dental personalities 
refuse to accept the scientific knowledge and experience of na- 
tionally recognized geneticists and biologists. 

I cannot help but recall the remarks of a well-known oral 
roentgenologist who told of being over 65 years of age and of 
having been exposed all his life to considerably more radiation 
than is the average dentist. He also stated that he was in good 
health, as were his daughters and grandchildren, and declared 
that he could not believe in the to-do that is being made about 
x-radiation. These remarks were well received by many in the 
audience. Subsequent private conversations with the man re- 
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vealed that he was uninformed about the genetic implications. 
In addition, he may have used far greater care than others in 
the profession. It is pertinent to quote from a recent publica- 
tion on the subject of biological variability. 


All members of a group of apparently identical organisms, 
irradiated simultaneously under the same conditions, do not re- 
spond alike. If the dose is neither negligible nor overwhelming, 
some will show much more marked effects than others. This is 
attributed to “biological variability.” It is not a unique charac- 
teristic of radiation effects, since it occurs in all cases in which a 
physiological stimulant of any kind (physical, chemical, or bio- 
logical) is similarly used. It is nevertheless relevant in that it 
makes it necessary to deal with averages rather than with the 
individual. Since the factors that cause such variations are un- 
known, it is impossible to predict how a given individual will 
respond to a dose that is known to produce a certain effect on the 
average. 

The simplest way in which to study this phenomenon 1s to give 
increasing doses of radiation to different groups of organisms and 
later determine the percentage of survival for each group. Plot- 
ting percentage survival against dose one can determine the dose 
required to kill 50 per cent of the organisms (the median lethal 
dose, MLD). Inspection of such a curve shows that a small per- 
centage of the organisms will die with doses less than one-half 
of the MLD and a small percentage will survive doses more than 
twice the MLD. In other words, the spread in the dose required 
to kill one of the organisms picked at random is more than four- 
fold. 

Similar biological variability has been observed in the case of 
much less severe effects. It is probable that it applies, also, in the 
range of very low doses where hardly perceptible effects may be 
expected; that is in the permissible dose range. Therefore, if 
proper allowances are not made, a few individuals in a large 
group may show some effects. It is important to note, however, 
that there is no true idiosyncrasy to ionizing radiation and one 
need not fear that very small doses, harmless to others, will cause 
serious injury to him.* 


*From National Bureau of Standards Handbook 59, Permissible Dose 
From External Sources of Ionizing Radiation, Washington, D. C., 
1954, U. S. Government Printing Office. 
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Dental roentgenology has now gone far beyond the limits of 
technique and interpretation. Persons whose statements are re- 
spected must withhold their opinions unless they know that 
their utterances are based upon facts and not upon subjective 
reasoning. All persons whose professional responsibilities center 
upon the use, rather than upon the advancement and dissem- 
ination of knowledge, must be critical of the source of informa- 
tion but willing to accept and use well-established biologic 
facts. 


Chapter 2 


FUNDAMENTAL EFFECTS 
OF RADIATION ON MATTER 


BASIC PROBLEMS OF RADIATION HYGIENE 


With the explosion of the atomic bombs in Hiroshima and 
Nagasaki, the atomic age became a reality, and all users of 
radiation became suspects in the eyes of the biologists and the 
geneticists. Available information about the effects of x-radiation, 
particularly as it pertained to human beings, was limited. Al- 
though presently there are voids in our understanding of the 
problem, considerable information which the dentist should 
know and apply has been made available. The following dis- 
cussion of radiobiological considerations is helpful in clarifying 


the scope of our present knowledge. 


26 


The detailed mechanism of the action of ionizing radiation on 
the living cell is not known. This statement, which is often made, 
leads the uninitiated to think that if ‘nothing’ is known about 
the “mechanism” very little indeed must be known about the ef- 
fects of radiation on man. One should bear in mind the sharp 
distinction between knowing what happens and explaining how 
it happens. Nobody knows what life is or how it originated, but 
a great deal is known about the human body and its behavior 
in health and disease. To cite a homely parallel, many people 
can be good drivers without knowing anything about the mech- 
anism of the automobile engine. There is at present a large body 
of information about the effects of radiation on living organisms 
and on man. Every living cell can be damaged and killed by 
radiation if the dose delivered to it is large enough. Many dif- 
ferent kinds of effect have been observed and studied. All such 
effects can be produced by any type of ionizing radiation provided 
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it reaches the cell or organ in sufficient amount. Thus there is no 
uniqueness about any one type of ionizing radiation as to the 
kind of effect it will produce, although there is in some cases a 
difference in the dose required to produce a certain degree of 
effect by two different types of radiation, under otherwise com- 
parable conditions. This is important because most of our in- 
formation has been obtained from work with x-rays and can, 
therefore, be applied to other types of ionizing radiation by mak- 
ing suitable adjustments of dosage.* 


As was mentioned previously, ionizing radiation has been with 
us since the beginning of the world in the form of background 
radiation. If uncivilized man had carried with him a Geiger 
counter as he roamed the fields and woods in search of suste- 
nance, he would have heard its characteristic clicking. As he 
extended his journeys into the mountain heights, and particularly 
as he passed by specific rock formations, he would probably have 
noticed an increased frequency of the clicks. As man became 
more civilized and began building homes of wood and stone for 
himself, he surrounded himself even more effectively with back- 
ground radiation. 

In more recent years, man has developed many conveniences 
which add to his total accumulated radiation. Certain luminous 
watch dials and perhaps other luminous materials add their small 
share of easily detectable ionizing radiation. Television functions 
on the principle of the cathode-ray tube, the predecessor of the 
x-ray tube, and may add slightly to the total accumulated radi- 
ation. Fluoroscopic shoe-fitting machines contribute unnecessarily 
to human exposure. Fallout from atomic explosions are man- 
produced and add to his total acquired radiation, and, of course, 
x-rays and the gamma rays of radium contribute materially. Fig. 
1 attempts to illustrate the problems and complexities associ- 
ated with man’s radiologic health. 


*From National Bureau of Standards Handbook 59, Permissible Dose 
From External Sources of Ionizing Radiation, Washington, D. C., 
1954, U. S. Government Printing Office. 
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Fig. 1. Man and his sources of exposure to ionizing radiation. 
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Had there been no atomic bomb explosion and no testing of 
nuclear weapons, it is probable that the present thinking about 
these problems would have been delayed. But the atomic bomb 
was exploded and nuclear testing has continued. Additionally, 
many worth-while by-products have evolved as this, the atomic 
age gets underway. Medical and industrial uses of radioactive 
isotopes are extensive and increasing. Small experimental re- 
actors are presently functioning in licensed universities and in- 
dustrial concerns. Atomic-powered submarines and surface vessels 
have made extensive journeys without refueling. 

As of June 30, 1957, there were 267 reactors in completed, 
construction, or planning stages in the United States. The United 
States Navy has plans for the construction of 75 reactors prior 
to 1965. In addition to the development of major reactors in 
Great Britain, 32 other countries have reactors in the develop- 
mental stages. Progress of this nature in the Soviet Union is not 
known. Presently, most of the reactors in this country are of the 
low-energy research type. However, permits have been issued for 
the construction of large power reactors near such cities as New 
York, Chicago, and Detroit. The Atomic Energy Commission 
has constructed more than a dozen reactors to produce industrial 
power; the largest is at Shippingport, Pennsylvania. 

It now takes almost no imagination to accept, as facts, some 
of the comic strips dealing with outer space which were published 
perhaps five, ten, or more years ago. 

All of these advances are accompanied by problems of waste 
disposal and control of the radiation reaching man and all other 
living organisms. The evolutionary changes which resulted in 
present-day man were probably due, at least in part, to the 
effects of background radiation on genetic tissues. The very large 
proportion of these mutations were harmful, and no doubt they 
resulted in the eventual demise of that particular species. Oc- 
casionally, however, the genetic mutation produced a result 
which had a greater survival potential, and this species per- 
sisted. Evolution, however, is accomplished over aeons of time. 
Should the mutant rate caused by radiation materially increase, 
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the reproductive effects produced by undesirable mutants, pro- 
tected as they are by the humanitarian concepts and the ad- 
vanced medical knowledge of our civilization, could be cata- 
strophic. Purely as a means of giving some perspective to the 
scope of the problem, the committees of the National Academy 
of Sciences—National Research Council dealing with the 
biologic effects of atomic radiation are named here. These 
include committees on genetics, pathology, meteorology, ocea- 
nography and fisheries, agriculture and food supplies, and 
disposal and dispersal of radioactive wastes. 

Although later chapters will deal with the protection of indi- 
viduals, it is essential to point out that radiation problems are 
centered about the mass of the population; from a broad view- 
point, individuals per se are unimportant except as they con- 
tribute to the total accumulated radiation of the total popula- 
tion. Naturally, individuals are important to themselves and to 
their immediate families, as well as to their direct lines of 
progeny; but changes in the world’s observable mutation rate 
will increase only as radiation effects are distributed to the mass 
of the population. For this reason, remarks about the basic 
problems of radiation hygiene will concern themselves primarily 
with the entire population. 

The relationship between the present amount of radiation to 
which the individual or total population is subjected and the 
maximum amount of radiation considered tolerable, even if not 
completely without biologic implications, has been investigated 
by several groups which used different methods of approach. 
This subject is discussed on the next several pages, and three 
different sets of figures are given. All are in basic agreement 
even though they vary slightly. 

In 1956, the National Academy of Sciences—National Re- 
search Council recommended that “the average exposure of the 
population’s reproductive cells to radiation above the natural 
background should be limited to 10 roentgens* from conception 


*For definition of roentgen, see page 60 and Glossary. 
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to age 30.”* Concurrently in the Council’s Summary Reports, 
the Committee on the Genetic Effects estimated that each per- 
son receives on the average a total accumulated 30-year dose 
(whole-body radiation) of about 4.3 r background radiation; 3 
r are received from all sources of x-rays (this figure is re- 
stricted to the population of the United States) and, at the 
then present level of testing, between 0.02 and 0.5 r from 
fallout. Thus, of the 10, 3.5 r are used. These figures obviously 
suggest that as much as 6.5 r may be safely accumulated 
from other sources over the first 30 years of life. This im- 
plication was not intended, and in other portions of the re- 
port it is stressed that any radiation reaching the gonads 1s 
presumed to have a harmful effect. However, it was believed that 
a limitation to 10 r total above background radiation will keep 
the number of mutations within reasonable limits. To under- 
stand these figures, one must be familiar with the so-called 
“doubling dose.” 

Each individual during his reproductive period experiences a 
number of spontaneous mutations to the genes of the repro- 
ductive cells from natural causes. A certain additional accumula- 
tion of radiation would double the number of gene mutations 
over a period of several generations; this amount is known as 
the doubling dose of radiation. If heat and chemicals made no 
contribution to spontaneous mutations, the doubling dose would 
obviously come solely from ionizing radiation. However, heat 
and chemicals do play an important role. The lowest figure 
which has been suggested as a doubling dose is 5 r; the highest 
is in excess of 150 r; the acceptable range is between 30 and 50 
r of whole-body or specific-area gonadal radiation. The differ- 
ence between whole-body and specific-area radiation is dis- 
cussed later in the text. For purposes of clarification, it may be 
well to mention that, as they are presently used, whole-body 


*From Biological Effects of Atomic Radiation—Report to the Pub- 
lic, Washington, D. C., 1956, National Academy of Sciences—Na- 
tional Research Council. 
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radiation and specific-area gonadal radiation would result in 
the same amount of radiation to the gonads. It must be under- 
stood that this doubling dose is not just applied to one genera- 
tion. Rather, it is a kind of continuous average received by the 
whole population over many generations. 

The concept of the doubling dose can be brought into some- 
what sharper focus by realizing that in the United States about 
4 to 5% of all newborn infants have obvious defects of 
some sort; of these about one-half are of simple genetic origin 
and appear prior to sexual maturity. If man were to receive a 
doubling dose of radiation, the number of defects arising from 
genetic causes would eventually be doubled; perhaps 10% 
of this doubling would occur in the first generation. A dose of 
10 r above background radiation will obviously have some 
deleterious effect and must be minimized as much as possible. 
The question naturally arises as to why a doubling dose does 
not double the number of defects in the first generation. This 
matter is discussed later in Chapter 4, Injurious Effects of X- 
Radiation under the heading of Genetic Complications. It 1s 
sufficient to mention at this point that the mutated genetic 
tissues which determine the individual’s characteristics (the 
genes) are basically recessive, and generally speaking they are 
overshadowed by the dominant gene with which they unite. It 
is not until two recessive genes are paired that their effects be- 
come clinically obvious. 

These figures for permissible whole-body radiation for the 
average person in the population relate the problem to the 
specific individual; more recent estimates have used figures deal- 
ing with population masses rather than with individuals. It is 
now suggested that the maximum permissible dose to age 30 
years for the entire population should be 14 million rem* per 
1 million of population. For present purposes, the rem can be 
considered identical with roentgen. Of the 14 million rem, 
9,800,000 per 1 million of population is presently in use and is 


*For definition of rem, see Glossary. 
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subdivided between 4,300,000 of natural background radiation 
and 5,500,000 from man-made radiation. This presently leaves 
a safety margin of 4,200,000 rem or an average of 4.2 rem per 
person. However, this margin can be expected to be reduced as 
more and more peacetime uses of radiation develop. 

Still another estimate of the gonadal dosage has been published 
in a manual prepared by the American College of Radiology 
wherein the 30-year gonadal dose in the procreative segment of 
our population is said to include 3,100,000 rem from back- 
ground, 1 to 4 million rem from medical and dental radiation, 
and approximately 500,000 to 700,000 rem from fallout, oc- 
cupational causes, and plant environs per 1 million of popula- 
tion. This total averages 4.6 to 7.8 rem per person for the 30-year 
period and must be compared with the reasonable limit set by 
the geneticists of 13.1 rem (3.1 rem background radiation plus 
10 rem added) for the 30-year period. If these estimates are 
used, a safety margin of from 5.3 to 8.5 rem per 30-year period 
exists. Figs. 2 and 3 demonstrate and summarize the ideas just 
discussed. 

Two important considerations must be emphasized. First, be- 
cause these figures are averages, and, since some people receive 
almost no x-radiation, some of the American people receive 
close to or exceed the allowable 30-year dose. Second, radi- 
ation received from x-rays probably more than doubles back- 
ground radiation for the average person in the more highly 
developed countries. All radiation 1s aa accumulative 
and basically harmful. 

It is true that estimates such as 14 million rem per 1 million 
of population or the 10 r per person over background radi- 
ation may be low estimates of the maximum permissible dose. 
' However, the effects of radiation are accumulative and irre- 
versible; thus wide margins of safety are essential until man’s 
knowledge becomes more exact. It is of paramount importance 
that the dentist understand his obligations to society. As will 
be pointed out in this book, if ordinary precautions are taken, 
the total amount of radiation contributed by dentistry to the 


34 Radiation Protection and Dentistry 





_ Fig. 2. Recommended first 30-year limits of human exposure to 
ionizing radiation versus present total exposure from all sources. When 
will this balance or overbalance? What can dentistry do to maintain 


the present disbalance ? 


PRESENT LEVEL OF WHOLE-BODY 
OR SPECIFIC-AREA GONADAL 
EXPOSURE TO IONIZING RADIATION 


3 r medical and dental x-rays plus 
0.5 maximum fallout 


4,300,000 rem background radia- 
tion 

5,500,000 rem man-made radia- 
tion per million of population 


3,100,000 rem from background 
radiation 

1,000,000 to 4,000,000 rem from 
medical and dental radiation 

600,000 rem from fallout, occupa- 
tional exposure, and plant en- 
virons per million of population 


RECOMMENDED LIMITS OF WHOLE- 
BODY OR SPECIFIC-AREA GONADAL 
EXPOSURE TO IONIZING RADIATION 


10 r over background radiation 
for first 30 years 


14,000,000 rem per million of pop- 
ulation including background 
radiation 


13.1 rem per person per first 30- 
year period including _ back- 
ground radiation 
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reproductive cells is not great. However, since all radiation 1s 
accumulative, any unnecessary radiation, however small, con- 
tributed by members of the dental profession must be elimi- 
nated. Dentists are their own “roentgenographic specialists.” In 
contrast to medicine, dentistry has at present few qualified 
radiologists. Each dentist must therefore accept his share of 
the profession’s responsibility. 
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Fig. 3. Ionizing radiation—What does the future hold? 


In this discussion of the basic problems of radiation, it will 
be noted that no reference has been made to the wartime use of 
nuclear weapons. This constitutes an entirely different problem 
and does not comes within the scope of this book. 


36 Radiation Protection and Dentistry 


IONIZATION AND STRUCTURE 
OF ATOMS AND COMPOUNDS 


The discussion which follows deals with subject material that 
many dentists will consider theory, impractical, incomprehensible, 
and/or “just plain egghead.” This section could have been rele- 
gated to a hidden spot in the back of the book, but this was not 
done because the material forms the basis for an understanding 
of what is to follow. It is sincerely hoped that the reader will 
absorb the material even though its comprehension may require 
more than a normal amount of concentration and perhaps con- 
siderable rereading. The remainder of the text will still be use- 
ful even if this section is not understood, but the real pleasure 
in the science of radiology, as in any other science, is doing by 
virtue of reason rather than by direction. Other areas of 
dentistry have grown or are growing out of the empirical stage, 
and it is reasonable that radiology should do likewise. It is not 
the purpose of this text to delve deeply into any of the physical 
aspects of atomic physics, but it is important that the dentist 
have at least a superficial understanding of certain concepts 
which relate directly to his use of x-radiation. 

All matter is composed of three fundamental particles— 
electrons, protons, and neutrons. The different ways in which 
these three are put together produce all the different materials 
that we know of in the universe. Electrons have a negative 
electric charge, protons have an equal positive charge, and 
neutrons possess no charge—they are neutral. Nature requires 
that all arrangements of these particles be electrically neutral. 
Therefore, they must contain an equivalent number of electrons 
and protons. It can be seen that the simplest arrangement of 
these particles would be one proton and one electron. This 
produces the element hydrogen. When opposite charges of this 
kind are brought together, there is a great attraction between 
them. In order for them to remain separate, the electron travels 
about the proton like a stone on the end of a string. The at- 
traction of the proton for the electron is balanced by the 
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centrifugal force of the electron as it travels about its orbit. 
The comparatively stationary proton 1s called the nucleus. 

The next more complicated arrangement of these particles 
would be the addition of a neutron to the proton. This still 
results in a positive charge of one in the nucleus, with the 
electron traveling about it. The properties of hydrogen are re- 
tained since these properties are dependent on the number of 
electrons. The addition of this neutron practically doubles the 
weight of the arrangement (atomic weight) because the proton 
and neutron have nearly the same weight, and the electron 
weight is very small (1/1,840 of the mass of the proton). This 
new arrangement is known as heavy hydrogen or deuterlum 
(deu signifies two or doubling). Such additions to the nucleus 
which do not change the properties of the element are known 
as isotopes of the element. 
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Fig. 4. Formation of an ion pair. A stable atom of oxygen (diagram- 
matic) is hit by an x-ray or electron (or any typ2 of ionizing radiation), 
and an electron is displaced (left), producing an unstable atom of oxy- 
gen charged positive and one displaced electron charged negative 
(right). Together they are called an ion pair. 


In a similar manner, all of nature’s elements are built up. 
Each one is characterized by a certain number (the so-called 
atomic number) of protons in the nucleus and a corresponding 
number of electrons rotating about the nucleus in so-called 
shells or orbits. Fig. 4 is illustrative of the arrangement of oxy- 
gen which has an atomic number of 8. The + symbol is indica- 
tive of the zero charge on the neutron. 

If, as in Fig. 4, one of the eight electrons is displaced by radi- 
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ation or by impact from a rapidly moving electron, a positively 
charged arrangement plus a free electron will result. Such a 
temporary arrangement of positive and negative particles is 
called an ion pair, and the phenomenon of separation is known 
as ionization. Atoms are ionized by the absorption and scatter- 
ing of x-rays, as well as by other forms of radiant energy. The 
number of ion pairs produced depends upon the type and 
energy of the radiation. 

To summarize, an element is characterized by its atcmic 
weight and atomic number. The atomic weight is the mass of 
the nucleus plus the added relatively small weight of the orbital 
electrons; the atomic number is the number of electrons in the 
orbital rings about the nucleus. The same element may have 
several atomic weights (or masses), but it can have only one 
atomic number. Atoms having the same atomic number but 
different atomic weights are referred to as isotopes of one an- 
other. 

Elements are seen in a material sense as a mass rather than 
as individual atoms. Masses of different elements differ not only 
in their atomic arrangement, but also in the amount of space 
occupied by the nuclei and their orbiting electrons. For example, 
the amount of space occupied by oxygen atoms in a given 
volume would be far less than the amount of space occupied by 
atoms of a heavier material such as copper if the copper oc- 
cupied a volume of similar size. Similarly, the amount of space 
occupied by the atoms of tungsten per unit volume is greater 
than that occupied by copper atoms. An understanding of this 
concept is important in radiologic physics. It is also the basis 
for the varying degree of blackness in diagnostic films. The 
x-rays are able to penetrate most easily those elements having 
a minimum amount of space occupied by nuclei and orbiting 
electrons per unit of tissue thickness. To be technically correct, 
we must point out that the absorption of x-rays of ordinary 
voltages is less related to the volume of nuclei than to the 
number of orbiting electrons. In other words, x-rays interact 
almost exclusively with electrons. Heavier elements have many 
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more electrons per unit volume than the lighter elements. 
Carbon, hydrogen, oxygen, and nitrogen serve as examples of 
lighter elements. X-rays have far more difficulty penetrating 
heavier tissue elements such as calcium and are almost totally 
ineffective in penetrating the metals used for restorative 
dentistry or for other prosthetic or reparative purposes else- 
where in the body. 

Elements are frequently associated with each other in the 
form of compounds. Compounds are groupings of elements in 
which the electrons in the external shells of the elements in- 
volved move in associated orbits. Such an association is illus- 
trated in Fig. 5, A. The electrons originally orbiting around 
two hydrogen atoms are shown to take on new orbits about the 
oxygen atom when the two hydrogen atoms combine with the 
oxygen atom to form the associated compound, water. Such an 
association is much more readily disturbed than is the tight bind- 
ing of electrons about nuclei in atoms, and in many cases, 
especially in organic tissue, the association of atoms in com- 
pounds can be completely destroyed by ionizing radiation. Thus, 
organic or inorganic compounds composing the human body 
may be altered through exposure to ionizing radiation. Water 
composes a large percentage of body weight, either as water per 
se or in combination with other elements. Fig. 5 graphically 
demonstrates effects which can be created as a result of radiat- 
ing water. 

In addition to showing hydrogen peroxide (H,O,) formation, 
as in Fig. 5, it may be helpful to illustrate its formation in an 
ordinary chemical formula, starting with an ample supply of 
water and one gamma or x-ray (see page 41). 

A similar type of phenomenon takes place in other com- 
pounds. It will be readily recognized that these breakdown 
products are not all compatible with living organic tissues. For 
example, hydrogen peroxide (H,O,) is an oxidizing agent and 
causes intense local destruction in the area of its production. 

The biologic effects of radiation will be discussed in greater 
detail, particularly in Chapter 4, Injurious Effects of X-Radi- 
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Fig. 5. For legend see opposite page. 
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Stage I 


H:0 + yY — H:O* + & 


H.O* + H:O — H;O* + OH?® 
(free hydroxyl] radical) 


HO + e =m HO —- H° + OH 


(free hydrogen) 
H;O* + OH — 2H:O 
(recombination 
of fragments) 
Result: H° + OH” 
Stage 2 
(Hydrogen peroxide now produced in two ways) 
H® + O, > O:H° 
(dissolved (perhydroxyl 
in the bio- free radical ) 
logic system) 
20:H® —= H:0O, + O: 


(hydrogen (oxygen can be used to 
peroxide) recombine with more H° 
{free hydrogen] ) 


Ho 4-H? SS. Het 


(free hydrogen (free hydrogen 
radicals ) gas) 

OH® + OH® a H:O: 

(free hydroxyl (hydrogen 
radicals) peroxide) 


Fig. 5. Water formation, possible ionization products of water, and 
one method of forming hydrogen peroxide (H2O.) by ionization. A, 
Two atoms of hydrogen combine with one atom of oxygen to make 
water. B, The bombardment of water by ionizing radiation can result 
in many breakdown products. C,, Ionizing radiation disrupts the elec- 
trical balance of water by displacing one electron and creating an ion 
and a free electron (water less one electron and a free electron). One 
pattern of hydrogen peroxide formation from water is used as an ex- 
ample (C’, D, and E). D, The electrically unstable water ion which has 
a plus charge makes itself electrically stable by liberating a positive ion 
(in this case the nucleus of the hydrogen atom). Free radicals (that 
is, elements with neutral charges and with unpaired orbital electrons) 
will go to any extent to pair their electrons. The two free radicals 
shown in E combine by pairing their unpaired electrons to form hydro- 
gen peroxide. 
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ation. However, in a discussion such as this of ionization and 
the structure of the atom and the compound, it seems advisable 
to summarize briefly the effects of radiation on living tissue. 

1. The effects may be direct or indirect. That is, the effects 
may occur directly in the cells irradiated or in more distant 
cells through the action of by-products of tissue radiation—e.g., 
production of hydrogen peroxide from water. 

2. The effects may be immediate or latent. The carcinogenic 
or leukemic reactions are examples of latent effects. Skin ery- 
thema demonstrates a relatively early effect (several days to a 
week ). 

3. Structural and functional changes in cells and tissues can 
result from radiation. 

4. The reversibility of the effects of changes in cells and 
tissues is dependent upon the amount of ionization. The notable 
exception to this is the lack of reversibility of changes made 
in the genes of the reproductive cells. Such changes are both 
irreversible and accumulative. 


SOURCES OF IONIZING RADIATION 


It should be evident to the reader that energy of some type 
is required to alter an atom, and that ionizing radiation, either 
man-made or naturally occurring, has the ability to cause this 
phenomenon. Ionizing radiation originates in the form of cosmic 
radiation from outer space, from the ultraviolet rays of the 
sun, from naturally occurring and man-made radioisotopes, and 
from man-made x-rays and man-produced high velocity par- 
ticulate energy. Again, it is beyond the scope of this text to 
discuss each of these subjects in a complete manner. The pro- 
duction of x-radiation, of course, will be treated in some detail 
since it is the type of ionizing radiation used by the dental 
practitioner. However, the reader may be interested in know- 
ing the principal differences in the modes of production be- 
tween the types of radiation mentioned. The description to 
follow is sufficient for the purposes of this book. 
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Energy from radioisotopes emanates from the nucleus of the 
unstable atom. This instability is frequently due to an over- 
abundance of mass in the nucleus. This is often relieved by the 
ejection of nuclear components such as an alpha particle (two 
neutrons and two protons in combination—this is identical to 
the nucleus of the helium atom) or a beta particle (a positively 
or negatively charged particle having the same mass as the 
electron), a proton, or a neutron. In the course of the transition 
from the excited to the stable state, there may be several transi- 
tory states. Gamma radiation is a by-product of this phenome- 
non. Gamma emission does not change the nucleus of the atom, 
as does the discharge of particles, but it is an important 
mechanism which permits a highly excited nucleus to rid itself 
of excess energy. Such energy is electromagnetic rather than 
particulate (or corpuscular) in character. Gamma radiation is 
analogous to heat generated as a by-product of a chemical re- 
action. The properties of gamma radiation are similar to those 
of x-radiation. A few years ago, gamma radiation had greater 
penetrating abilities, but, with present-day technology, x-radi- 
ation can now be made more penetrating than gamma radiation. 

Cosmic radiation is still being investigated. It comes from 
outer space. It has extremely high energy and is known to pene- 
trate considerable distances into the earth. Its properties are 
not important to this discussion. Ultraviolet energy from the 
sun, as well as that generated by man, is somewhat similar to 
long wave length x-radiation. It is electromagnetic rather than 
corpuscular (or particulate) in character and can cause ioniza- 
tion in some compounds. 

For purposes of completeness, it is also important to recog- 
nize that particulate energy may also be produced in man-made 
devices, such as the cyclotron, which are constructed to give 
tremendous acceleration to subatomic particles. The reader is 
referred to the Bibliography and the Survey of the Literature 
if he desires to explore the sources and physical properties of 
radiation more thoroughly. The production of x-radiation 1s 
discussed in Chapter 3. 


Chapter 3 
PHYSICAL PRINCIPLES OF X-RADIATION 


Dentists have been using ionizing radiation for many years 
without understanding the physical principles involved. This 
is just as possible as learning to walk without knowing the 
anatomy and physiology of the involved parts. It is equally 
possible to protect the health of the patient and the operator 
from the destructive effects of ionizing radiation if the operator 
will follow directions without questioning the rationale. How- 
ever, this is not a human tendency, and it is easy to become 
negligent in using x-radiation unless one has a rather com- 
plete understanding of the reasons why “rules and regulations” 
are devised. X-radiation is invisible, and its deleterious effects 
are often delayed. Dentists must exercise care. They will be 
more likely to do so if they have knowledge of the reasons and 
principles which are basic to the rules and regulations. 


HETEROGENEOUS AND 
CHARACTERISTIC X-RADIATION DEFINED 


X-radiation results from the bombardment of a material 
(usually tungsten) by highly accelerated electrons from the tube 
cathode; the production of these electrons and the degree of 
their acceleration is man-controlled. X-rays are produced by 
two phenomena. (1) The energy of the fast moving electron 
may be rapidly dissipated by the electron striking* the nucleus 





*Actually the electron does not strike the nucleus; it enters or 
approaches the electrical field of the nucleus and is repelled by it 
rather than by the nucleus itself. 
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of an atom in the tube target and being transformed into heat 
and x-radiation. (2) The electrons from the cathode may strike 
and displace electrons in the orbital rings of the target material. 
Varying wave lengths of radiation are produced. Radiation wave 
length depends on the initial speed of the electron and on 
whether the impact of the electron is a solid blow which re- 
sults in complete stoppage or a glancing blow which results 
in some reduction in electron velocity, with a subsequent total 
stoppage through a series of collisions. Radiation produced con- 
jointly by these two phenomena is spoken of as heterogeneous 
or continuous spectra x-radiation since there is considerable 
variation in wave length. 

Characteristic x-radiation is produced by the ionization of the 
target atoms through the displacement of an orbital target 
electron by an energized electron from the tube cathode 
(phenomenon No. 2). Energy is used to displace this orbital 
electron, and the target atom is left in an unstable excited state. 
The excited atom attracts a free electron and returns to its 
stable state. In the process, energy in the form of x-radiation 
which has a very specific or characteristic wave-length is pro- 
duced. In dentistry, the characteristic radiations are incorporated 
as part of the heterogeneous spectra, but in industrial and re- 
search work they can be separated from the heterogeneous radi- 
ation and used productively for specific purposes. 


PRODUCTION OF X-RADIATION 


Modern x-radiation is produced through the use of a highly 
evacuated tube in which a copper anode containing a target 
of tungsten is positioned opposite the cathode, a curved molyb- 
denum surface in the center of which is a coiled tungsten fila- 
ment (Fig. 6, A). A difference in electrical potential varying 
from 45 to 90 kvp (kilovoltage peak) in dental x-ray ma- 
chines is developed between the anode and the cathode, but 
the tube cannot discharge in the vacuum until the tungsten 
filament of the cathode is heated and a cloud of electrons is 
produced. The production of an electron cloud by heating of 
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CATHODE 
HIGHLY VACUATED TUNGSTEN FILAMENT 
GLASS TUBE MOLYBDENUM CATHODE 





ANODE 
TUNGSTEN TARGET 
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ELECTRON CLOUD PRODUCED 
BY ELECTRICAL HEATING OF 
THE FILAMENT 
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Fig. 6. An x-ray tube—dquiescent, A, and in function, B. A potential 
difference of 45 to 95 kvp between the anode and cathode causes elec- 
trons in the cloud to be propelled to the anode. 


the tungsten filaments to incandescence (ionization due to 
heating) is the first step in the production of x-rays (Fig. 6, 
B). During the intervals in the alternating current when the 
anode is charged positively and the cathode is charged nega- 
tively (Fig. 7, A), the negatively charged electrons in the vi- 
cinity of the cathode are attracted to the anode and repelled 
from the cathode at a speed which is directly related to the 
difference in electrical potential (kilovoltage) between the 
anode and the cathode. During the second half of the cycle 
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(Fig. 7, B), there is no productive function. Since the cathode 
(the molybdenum cup) is now positively charged, the electrons 
are attracted back into the filament and to the cup. Such a 
tube is called a self-rectifying tube. Fully rectified tube circuits 
(the rectifying is done outside the tube) permit the use of 
both halves of the sine wave (Fig. 7) by changing the alter- 
nating current so that it always flows in the same direction. 
Such circuits are practical in the larger medical units, but are 
not applicable for dental purposes. Further explanation of 
this phenomenon is not necessary. It can be found in any mod- 
ern physics textbook. Through overuse of the dental x-ray tube, 
it is possible to heat the anode sufficiently to produce an elec- 
tron cloud at the anode. This is to be avoided since it would 
result in the destruction of the tube when the electrons were 
attracted to the cathode during the second half of the cycle 
of the alternating current (Fig. 7, B). 

The curvature of the molybdenum cathode controls the 
direction of the electrons and results in their being projected 
to a relative small point on the anode, rather than over its 
entire surface; this small point is known as the focal spot. It 
is important that this point or spot be as small as practical in 
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Fig. 7. Sine wave of a 60-cycle alternating current. 
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order to obtain the best possible definition in the roentgeno- 
gram. This ability to direct the electrons to a specific position 
is based on the physical principle that like charges will be re- 
pelled from a flat surface in a direction which is at right angles 
to that surface, and, similarly, they will be repelled from a 
curved surface at right angles to the tangent on the curved 
surface for that particular charge (Fig. 8). 

As these rapidly moving electrons strike the tungsten target, 
they react in various ways. For purposes of this book, it 1s 
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Fig. 8. Repellence of like charges from a flat surface and from a 
curved surface. A, Unlike charges in space are repelled from similar 
charges on a flat plane in a direction which is at right angles to that 
plane. B, Unlike charges in space are repelled from similar charges on 
a curved surface in a direction which is at right angles to the plane of 
a tangent on the curved surface. Each of the lines touching the curved 
surface at a single point is a tangent. There is only one tangent for each 
point (or electron) within the curved surface. The curved surface dia- 
grammatically represents the curvature of the molybdenum cathode. In 
this manner the electrons are repelled to a spot on the target of the 
x-ray tube anode. 
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quite in order to use a very simplified explanation which 
envisages a bumping effect whereby the fast-moving electrons 
from the tube cathode lose their energy either by pushing an 
orbital electron out of orbit or by striking the nucleus and 
losing energy much as a pebble would if it were thrown 
against a stone wall. In either event, the energy of the electrons 
from the cathode is changed or converted from kinetic energy 
of a moving mass to another kind of energy—namely, the 
electromagnetic energy of an x-ray. The mechanics of pro- 
duction are discussed in the paragraphs which follow. The reac- 
tion also involves a tremendous expenditure of energy in the 
form of heat. At the kilovoltages commonly used in dentistry, in 
excess of 99% of the electron energy delivered to the target 
from the cathode is dissipated in the form of heat, and less 
than 1% is used to produce x-rays. However, a greater ef- 
ficiency of x-ray production and less relative heat generation 
exists at higher kilovoltages. 

It was noted that the energy of electrons from the cathode 
can cause displacement of orbital electrons. This causes a tem- 
porary disturbance of the electrical balance which the atom 
attempts to restore by attracting an electron back into the 
equilibrium position. As the orbital electron is replaced, energy 
is liberated. The kind of energy will depend on the target 
material, the source of orbital electron replacement, and other 
physical factors. This exchange of energy is analogous to the 
use of a child’s toy in which a rubber ball is attached by a 
rubber cord to a wooden paddle or racket (Fig. 9). Energy 1s 
required to hit the ball into space; as the rubber cord expands 
and then contracts, the ball returns to the player’s hands or to 
the racket with an impact. This impact of the rubber ball 1s 
representative of the radiant energy released as another elec- 
tron replaces the missing electron. The impact is directly re- 
lated to the force with which the ball was propelled into space. 
So it is with x-ray production. This radiant energy has a wave 
length which is characteristic of electrons of the specific target 
material used. The wave length is also related to the orbit from 
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Fig. 9. Energy conversion—a cartoon to illustrate the phenomenon 
of characteristic radiation production. The energy used to displace the 
bali from the paddle is converted into kinetic energy and sound as the 
elastic band contracts and the ball hits the paddle. In some ways, this 
energy conversion is identical to that of orbital electron displacement 
and replacement. 


which the electron was displaced, and this is dependent on the 
kinetic energy of the electron coming from the tube cathode. 
Such radiation is called characteristic radiation. This principle 
is used, for example, in identifying unknown substances. For 
example, if instead of tungsten as a target material some other 
unknown element were bombarded with electrons from the 
cathode, a radiation which would be characteristic of the or- 
bital electrons of that particular element would be produced. 
Characteristic radiation is of considerable importance in the 
physical sciences, but in so far as dentistry is concerned, it is 
included merely as part of the heterogeneous spectrum of 
x-radiation. 

X-radiation produced in dental x-ray machines is also the 
result of an impact of the electrons propelled from the tube 
cathode to the tungsten nuclei in the anode. The greater the 
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speed of the electrons and the more solid the impact, the 
faster will be the rate of stoppage. At any given kilovoltage 
peak (the maximum difference in electrical potential possible 
between the anode and the cathode, Fig. 7), there will be a 
maximum possible speed at which the electrons may travel 
and therefore a maximum rate of stoppage. The higher the 
kilovoltage, the greater will be the maximum speed of the 
electron as it travels toward the anode. It must be pointed 
out that the sine wave (Fig. 7) varies from a potential of 
zero to maximum. The energy of the electron from the cathode 
is dependent on the difference in potential between the anode 
and the cathode at the time that the electron is accelerated. 
Therefore, the speed of the electrons will vary greatly. Each 
of the electrons may stop suddenly as a result of a complete 
impact with the tungsten nucleus or an orbital electron, or 
cach may strike a glancing blow on several nuclei or electrons 
and may have its speed diminished slowly. Each time the 
electron strikes or glances off of a nucleus or electron, char- 
acteristic and mixed wave length radiation, plus heat, is pro- 
duced. There is no method for controlling the manner in which 
each electron will react, and in some collisions the amount of 
radiation may be almost negligible. Perhaps this phenomenon 
can be better understood if one envisions the conversion of 
energy from falling hailstones to sound energy as the hail 
strikes a metal roof. The hailstones can be likened to the 
electrons from the cathode, the tin roof would represent the 
tungsten target (focal spot), and the sound would exemplify 
the x-radiation. The greater the velocity of the hailstone, the 
greater will be the rate of stoppage and the louder the re- 
sultant sound (Fig. 10). This analogy is not quite complete 
since the rate of stoppage of the hailstones would be relatively 
constant, and thus the sound from each stone would be of 
about the same amplitude. There are no glancing blows and 
stoppage by stages as in radiation production. This analogy 
can be accomplished if one envisions the roof to be of a vary- 
ing consistency from metal through some semihard substance, 
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such as plastic or wood, to that of heavy cardboard. Under 
such circumstances, the sound of the hailstones would vary 
considerably, as do the wave lengths of the x-rays in the com- 
posite spectra of heterogeneous radiations produced by dental 
x-ray machines. 

The penetrability of the resultant x-ray beam (there are one 
or more x-rays produced by each electron in the electron 
cloud) is determined by the rate of stoppage which, in turn, 
is directly related to the initial velocity and to the number of 
electron deflections in the tungsten target. Thus, in dental and 
medical roentgenography, one deals with a heterogeneous spec- 
trum of x-radiation (as opposed to characteristic radiation) 
which varies from the most penetrating (shortest wave length) 
radiation possible at a given kilovoltage to long wave length 
radiation having little or no ability to penetrate tissue. Fig. 11 
shows the relationship of kilovoltage to the production of a 
heterogeneous spectrum of x-radiation. 
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Fig. 10. Energy conversion—a diagram to demonstrate the phe- 
nomenon of heterogeneous (continuous spectrum) radiation produc- 
tion. The conversion of energy as hail falls on a metal roof is some- 
what analogous to the energy conversion of fast-moving electrons as 
they strike the tungsten target in the x-ray tube. 
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*Wave length in Angstrom units = 12.4 ~ kilovoltage peak. 


Fig. 11. X-ray intensity in relation to kilovoltage. As the kilovoltage 
is increased, shorter and thus more penetrating radiation becomes pos- 
sible; in addition, a greater amount of energy exists per unit of time. 
This can be understood in this illustration if one realizes that the area 
below each curve down to the base line represents 100% of the radia- 
tion being produced at the stated kilovoltage. The points on the graph 
were not obtained experimentally; they are arbitrary but reasonably 
representative. 


QUALITY AND QUANTITY OF X-RADIATION 


The quality of x-radiation used in dentistry is most easily 
expressed in terms of kilovoltage peak and is indicative of the 
degree of penetrability. A more satisfactory yardstick is known 
as the half-value layer (hvl). The higher the kilovoltage peak, 
the shorter the minimum wave length will be, and the greater 
will be the ability to. penetrate tissue. The quality of the x-ray 
beam is also a function of the composition of the target ma- 
terial. In dental x-ray machines the target material is tungsten; 
the tungsten is embedded in a copper arm to facilitate heat 
removal through conduction (Fig. 6, A). Tungsten is selected 
as a target material because it contains heavy nuclei and many 
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orbiting electrons which occupy a comparatively large portion 
of the space through which the electrons from the tube cathode 
could travel if the material were less dense. In addition, tung- 
sten possesses a high melting point and a low vapor pressure at 
high temperature. The thermal conductivity of tungsten 1s 
not high, and it is for this reason that it is embedded in a 
copper stem. Because tungsten has a high atomic weight and 
number, its ability to decelerate the electrons coming from the 
cathode is considerable. Copper, for example, would not be 
as satisfactory because it is lighter and does not occupy as large 
a portion of the space through which electrons can travel. 
In addition, the melting point of copper is much lower than 
that of tungsten. An analogy can be made, as in Fig. 12, be- 
tween spear fishing and the probability of electron stoppage 
in elements having various atomic characteristics. It is obvious 
in the illustration that the spear thrown from the fisherman’s 
right hand will probably engage a fish and be stopped sooner 
than the one cast at the smaller school of fish (smaller both 
as to size and percentage of water space occupied). As just 
mentioned, this compares tungsten with copper. Copper 1is 
used as an x-ray tube target when extremely soft x-radiation 
is desired. Such soft radiation is applicable for experimental 
work but not to practical office roentgenographic techniques. 

The percentage of short wave length radiations emanating 
from an x-ray tube under constant kilovoltage conditions is also 
a function of the total filtration employed. The greater the filtra- 
tion, the higher will be the percentage of short wave length 
radiation. This is discussed more thoroughly in Chapter 6. 

It is pertinent at this time to mention in somewhat greater 
detail the matter of the half-value layer (hvl). This may be 
be defined as the thickness of a material (usually aluminum in 
the case of dental x-ray machines) which, when interposed in 
the x-ray beam, attenuates or reduces the intensity of the 
beam to one half of its initial value. The more penetrating the 
initial beam, the thicker the half-value layer will be. The half- 
value layer may be increased by increasing the kilovoltage or by 
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Fig. 12. Atomic structure—its relation to x-ray production and ab- 
sorption demonstrated in cartoon form. Which spear is most likely to 
engage a fish? The probability of electron stoppage by large, closely 
packed atoms is greater than with the less heavy materials. This also 
helps explain the differential absorption of x-rays by tissues which vary 
in thickness and composition. 


adding external filtration to the x-ray machine or both. The 
adding of the external filtration results in a greater percentage 
of short wave length (more penetrating) radiation. Its effect 
therefore is similar to increasing the kilovoltage. A half-value 
layer of approximately 1.2 mm. of aluminum at 65 kvp is the 
minimum recommended by the National Committee on Radi- 
ation Protection. This necessitates a total aluminum equivalent 
filtration of approximately 1.5 mm. at 65 kvp. Other recom- 
mendations call for 2 mm. or an excess of 2 mm. of aluminum 
total filtration.* > Data in a recent study® demonstrates that the 
majority of dental units examined in this representative group 
possessed a half-value layer lower than that recommended by 
the National Committee on Radiation Protection. In other 
words, the quality or penetrability of radiation presently in use 
in dentistry is more often than not insufficient. 
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Fig. 13. Basic electrical diagram of the dental x-ray machine. 
I. Line switch—usually found on the side of the dental x-ray unit.* 


2. Autotransformer—to regulate line voltage and give desirable in- 
put to the step-up transformer.* 

3. Voltage control—dotted arrow indicates that the control lever 
may be turned to any one of several terminals. Turning of the lever 
upward toward y would decrease the circuit voltage, whereas a lowering 
of the lever toward z would increase circuit voltage.* 

4. Circuit voltmeter registering the line voltage either in terms of 
actual line voltage or the kilovoltage that will result from the line 
voltage. NOTE: Some dental x-ray units have two autotransformers, 
hence two voltage adjustment dials on the panel board. One trans- 
former is used to adjust the line voltage to a set standard and the other 
to modify the standard voltage so that the desirable kilovoltage is ob- 
tained. On such machines there may be a voltmeter for each auto- 
transformer. 

5. X-ray timer switch.* 

6. Step-up transformer for the tube circuit. a, Primary side; b, sec- 
ondary side. 

7. Milliammeter to record actual current through the tube circuit. 

8. Ground—by grounding one side of the milliammeter, it is pos- 
sible to place it in the control stand. The winding of the secondary in 
two sections with the grounded milliammeter between also results in 
the equal distribution of charge between anode and cathode, rather than 
a zero charge on one and the maximum charge on the other. 

9. Step-down transformer—filament circuit. a, Primary side; b, sec- 
ondary side. 

10. Filament circuit resistor—this may be adjusted by moving toward 
m and thus increasing the resistance and decreasing the heat on the 
tube filament or by moving toward n with the reverse effect. NOTE: 
Ordinarily the filament is on whenever the line switch is closed. How- 
ever, some machines reduce the filament heat through the use of a sec- 
ond resistor at point x. This resistor is brought automatically into the 
circuit by hanging the timer on an appropriate ‘‘hook” which is actually 
a circuit changer.* 

11-12. Circuit to the tube filament. 

13-14. Tube circuit—1i.e., to anode and cathode. 

15. Cathode composed of curved molybdenum focusing cup and 
tungsten filament. 

16. Anode composed of a copper stem and inset tungsten target. 


*Mechanisms ‘over which the dentist has control—i.e., line, time, kilovoltage, and 
milliamperage. To some extent these vary with different machines. 
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role; they act almost as a wire joining the anode and the 
cathode, and they have their kinetic energy changed into heat 
and x-radiation through their bombardment of the tungsten 
target. 

Conventionally, dental x-ray machines have been set at 10 
ma of current, but newer machines vary as high as 20 ma. 
Some medical machines produce tube currents as high as 500 
ma, but this is neither necessary nor practicable for dental 
work. Once again the interested reader is directed to the 
Bibliography and the Survey of the Literature if he wishes to 
pursue this topic. The scope and purpose of this text do not 
require further comment other than to state that the quality and 
quantity of x-radiation control the density and the contrast of 
the resulting roentgenographic film and are directly related to 


the latitude which the operator has in utilizing various types of 
film. 


PRIMARY AND SECONDARY RADIATION DEFINED 


Primary radiation emanates directly from the x-ray tube 
target. It is produced in the x-ray tube through the impact of 
electrons on the tungsten target. As it emerges from the open- 
ing in the x-ray tube housing, it is called the useful beam and 
is the most intense of all x-radiation. It is the radiation or- 
dinarily used to produce the roentgenographic film. Secondary 
radiation, as the name implies, is radiation which is secondary 
to primary radiation. Just as x-rays are produced when elec- 
trons from the tube cathode strike the anode target, so are 
other rays produced when the x-rays strike other atoms in the 
air, the patient’s body, the dental chair, or the surrounding 
walls. Such rays are called secondary rays. These rays, like the 
primary x-rays, can produce ionization and tissue destruction 
in certain types of matter. Secondary radiation is sometimes 
referred to as scattered radiation since it spreads in all di- 
rections. 

A question is often raised as to whether secondary radiation 
persists after the primary radiation stops. Neither primary nor 
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secondary radiation is analogous to that produced by radio- 
active isotopes. Radiation from radioisotopes is primary radi- 
ation which is spontaneously emitted from an unstable nucleus. 
The rate of such emission decreases with time. Each radio- 
active element is characterized by a half-life. The half-life is 
the time necessary for the element’s radioactivity to decrease 
to one half of its initial emission rate. Such half-lives vary 
from fractions of seconds to thousands of years. Secondary 
radiation stops immediately when the primary radiation pro- 
ducing it is terminated. Secondary radiation, like primary radi- 
ation, has the ability to expose film and to create biologic 






PRIMARY RADIATION 


Fig. 14. Primary radiation versus secondary radiation. Primary radi- 
ation is produced at the target (anode) of the x-ray tube. As it travels 
through matter, it strikes atoms of elements in the environment and 
dissipates its energy. Energy cannot be lost. Some of the original energy 
is converted into radiation of another (longer) wave length. This is 
called secondary radiation (S. R.). It radiates in all directions; its pro- 
duction terminates instantaneously when the primary radiation stops. 
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disturbances in the tissues of the patient and the operator. Its 
strength is ordinarily far less than that of the primary radiation 
which produced it, but constant exposure to secondary radi- 
ation has much the same effects as shorter exposures to primary 
radiation. Fig. 14 schematically illustrates the production of 
secondary radiation. 


MEASUREMENT OF RADIATION 


Until recently, the roentgen (r) was used to express the 
amount of x-radiation and gamma radiation (electromagnetic 
energy) produced by x-ray machines and radioactive sources, 
and the curie (c) was used to express the amount of radiation 
(corpuscular or particulate energy) produced by various radio- 
active isotopes. In recent years it has been recognized that these 
terms alone do not suffice, and other significant units have been 
added. For purposes of dental roentgenography, the roentgen 1s 
probably sufficient, but for the sake of completeness and in the 
interest of those who desire the additional information, other 
currently used measurements are defined as well. These in- 
clude the curie, rad, rem, rep, and RBE. Except for the roent- 
gen, the definitions are found only in the Glossary. 


Roentgen (r) 


The roentgen may be defined in several different ways. The 
most exact definition of roentgen is the following: A roent- 
gen shall be that quantity of x- or gamma radiation such that 
the associated corpuscular emission per 0.001293 gram of air 
produces, in air, ions carrying one electrostatic unit of quan- 
tity of electricity of either sign. Rephrasing may make this 
definition somewhat easier to understand. The roentgen is that 
quantity of x-radiation or gamma radiation which will ionize 
1 cubic centimeter of air at standard temperature and pressure 
(0° C. and 760 mm. Hg) to produce one electrostatic unit 
(esu) of either negative or positive charge. The use of the 
figure “0.001293 gram of air” instead of the phrase “1 cubic 
centimeter of air” is understandable since the mass of 1 cubic 
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centimeter of dry atmospheric air is 0.001293 gram at 0° C. 
and 760 mm. Hg pressure. Methods of measuring such a charge 
are discussed in the following section. Fig. 15 is of assistance in 
an understanding of the roentgen. 

The phrase “associated corpuscular emission” refers to the 
total effect in the cubic centimeter which results from secondary 
radiation coming from the surrounding air into the cube, to- 
gether with the ionization taking place in the cube itself, less 
the energy lost from the cube. The energy entering the cube 
from the surrounding air equals that lost from the cube being 
measured. 


IONIZING RADIATION 








Fig. 15. Diagrammatic representation of 1 cubic centimeter of air 
(shaded area) and its relationship to the roentgen. Air is divided into 
multiple compartments of 1 cubic centimeter. One such compartment 
is an actual measuring device with an air chamber 1 cubic centimeter 
in volume (straight arrow points to the measuring device). Ionizing 
radiation goes through all cubes and causes ionization of air. It is 
measured only in one cube, the measuring device known as an ioniza- 
tion chamber. The amount of charge produced in the _ ionization 
chamber will vary, depending upon the amount of radiation. One roent- 
gen of radiation is necessary for each electrostatic unit of charge that is 
produced in the chamber. Secondary radiation coming from the other 
cubes into the measured cube contributes to the total charge and com- 
pensates for or equalizes the energy lost into the surrounding air from 
the cube being measured. 
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IONIZATION MEASURING EQUIPMENT 


Electronic equipment suitable for measuring various types 
of ionizing radiation is continuing to be developed by several 
companies. Much of this equipment is expensive and not of 
practical use to the practicing dentist. However, the dentist 
should be interested in obtaining reasonably accurate measure- 
ments of the amount of x-radiation that he is delivering to his 
patient, to his assistant, and to himself. Such information can 
be obtained if one possesses pencil-type ionization chambers, 
together with a suitable charger and scale for reading the dis- 
charge. The specific name of the equipment and the companies 
from which it can be purchased are included in the appendix. 
Another usable approach for the practicing dentist is to request 
all office personnel to wear a film badge; this service may be 
obtained from a number of sources, which are listed in the 
appendix, also. 

Fig. 16 shows a simple type of ionization chamber with a 
combined charger and reader and a film badge and another 
type of measuring equipment which has application in the 
dental office. Also listed in the appendix are the names of a 
few reputable electronic manufacturers. 


OUTPUT OF DENTAL X-RAY MACHINES 


The output of dental x-ray machines is ordinarily expressed 
in terms of roentgens in air. The output will vary between the 
dental machines of different manufacturers and even between 
machines of the same model produced by the same manufac- 
turer. An expected average output for dental x-ray machines 
having approximately 0.5 mm. of aluminum inherent filtration 
is 2 r per second at a distance of 7 or 8 inches from the x-ray 
source if no extrinsic filtration is used other than the pointed 
plastic cone. Average output is based on the use of conven- 
tional x-ray machines operating between 60 and 65 kvp and at 
10 ma. The output can be expected to be less in new machines 
because additional filtration is included. One author states, 
‘“‘When operating at a total filtration equivalent to 2.25 mm. 
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aluminum and 10 milliamperes of current, the output at 7.25 
inches from the target was found to be 0.85 r per second at 
65 kilovolts peak and 1.68 r per second at 90 kilovolts peak. 
Stated another way, approximately twice as much energy was 
delivered per second at 90 kilovolts peak as at 65 kilovolts 
peak. In addition, the radiation generated at the higher voltage 
was more penetrating or harder in quality.”* Figures published 
by Gorson and associates® indicate the average value of radi- 
ation exposure rates in air at cone tip from dental x-ray units 
to be 125 r per minute or approximately 2 r per second. In this 
study, many of the machines did not have added filtration. 
This figure of 2 r per second is important for the reader to re- 
tain since it is directly related to the amount of radiation being 
delivered to a patient. It is also significant when the maximum 
permissible dose allowed the operator and his assistant is being 
evaluated. These matters are discussed fully in Chapter 4, 
Injurious Effects of X-Radiation and Chapter 5, Prevention of 
Radiation Injury. 


Associated Calculations 


Perhaps the most important associated calculation which the 
dentist should understand is based on the principle that the 
strength of the x-ray varies inversely as the square of the dis- 
tance. Under these circumstances, if 2 r are being delivered 
per second at a distance of 8 inches from the source at 65 kvp 
and 10 ma, 12 r would be delivered at 16 inches and % r at 
32 inches. 

Some relationship must also be established between radia- 
tion output and milliampere seconds (mas) and between out- 
put and kilovoltage peak. The relationship between milli- 
ampere seconds and output is directly proportional; as either 
the milliamperes (ma) or the second (s) or the product of the 
milliamperes times the seconds (mas) is doubled, the output 





*From Richards, A. G.: Roentgen-Ray Doses in Dental Roentgen- 
ography, J. A. D. A. 56: 351-368, 1958. 
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of the machine doubles. The reverse is true, of course, as these 
factors are halved, quartered, etc. 

The relationship between radiation output and kilovoltage 
peak is not a proportional one and is somewhat more difficult 
to understand. If one accepts approximately 45 kvp as a base 
line, a change upward or downward of approximately 10 kvp 
will result in doubling or halving the output. However, as the 
kilovoltage peak is increased in steps of 10 beyond this point 
(55 kvp), there is a disproportionate increase in the amount of 
radiation; the increase becomes proportionately less as the kilo- 
voltage is raised. Conversely, as the kilovoltage is reduced be- 
low the level of 45 kvp, the effect is also disproportionate to 
the extent that each subsequent decrease of 10 kv decreases the 
radiation produced by more than 50% of the output at the 
previous kilovoltage setting. This becomes more evident as the 
kilovoltage peak approaches zero; when there is no difference 
in potential between the anode and the cathode, the production 
of radiation is impossible. These facts have considerable sig- 
nificance if the operator plans to use a variable kilovoltage 
technique. Fig. 17 expresses the relationship between _kilo- 
voltage and milliampere seconds when a specific type of film as 
a recording medium is used.’ Essentially the same general graph 
pattern would exist for any film under variable filtration fac- 
tors although the figures might vary considerably. 

Reference to Fig. 11 will also help one to understand the 
effect of kilovoltage on output. The area under each of the 
curves in Fig. 11 represents 100% of the radiation produced 
in a given period of time at a constant milliamperage. It is ap- 
parent that the surface area under the 80 kvp line, for example, 
is a larger percentage of the total area under the 90 kvp line 
than is the area under the 50 kvp line in relation to the total 
area under the 60 kvp line. To rephrase, a drop from 90 to 
80 kvp does not create as significant a decrease in total radia- 
tion as does a drop from 60 to 50 kvp because the percentage 
decrease in intensity is not as great in the former instance. 

Fig. 18 relates the information just discussed specifically 
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and in a practical manner to the dental use of fast films under 
optimal filtering conditions. The graph in Fig. 18 demonstrates 
the required milliampere seconds change (or seconds change if 
the milliamperes are kept constant) in relation to alterations 
in kilovoltage peak if the film density is to be maintained. The 
data was obtained using a General Electric 90 x-ray machine, 
Model 11 CE 2-2, 2.5 mm. of total aluminum filtration, a 20- 
inch target-film distance, Kodak ultraspeed film, and a phan- 
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Fig. 17. Kilovoltage peak-milliampere seconds ratios for a repre- 
sentative roentgenographic film. (From Wuehrmann, A. H., and Mona- 
celli, C. J.: Selection of Optimum Kilovoltage for Dental Radiography, 
Radiology 57: 240-247, 1951.) 
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The broken lines in Fig. 18 are extrapolations based on the 
curve pattern and serve to demonstrate further the kilovolts peak- 
milliampere seconds relationships at the upper and lower ex- 
tremes of kilovoltage. Note the sharp upward trend in the 
low kilovoltage ranges. This suggests the need for considerable 
increases in milliampere seconds to compensate for small 
changes downward in kilovoltage. 

Fig. 20 delves a little deeper and introduces the effect of 
filtration, as well as the concept that dental x-ray machines 


KILOVOLTAGE PEAK AND MILLIAMPERE SECONDS 
AS RELATED TO CONSTANT FILM DENSITY 
USING VARIATIONS IN X-RAY MACHINES 
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Fig. 20. Kilovoltage peak-milliampere seconds ratios as a function 
of filtration, and inherent differences in dental x-ray machines. A, 
Curve made with Weber machine model 6R with 1.25 mm. of alumi- 
num added; total filtration 1.75 mm. of aluminum. B, Curve made with 
General Electric machine model 11CE 2-2 with 1.0 mm. of aluminum 
added; total filtration 2.75 mm. of aluminum. C, Curve made with Gen- 
eral Electric machine model 11CE 2-2 with no filtration added; total 
filtration 1.75 mm. of aluminum. D, Curve made with Weber machine 
model 6R with no filtration added; total filtration 0.5 mm. of aluminum. 
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vary considerably in their output in spite of supposedly equal 
specifications. This material is included for interested persons; 
it is not essential knowledge for the intelligent practice of den- 
tistry. Fig. 20 shows the milliampere seconds-kilovoltage peak 
relationship under four different circumstances. Two different 
x-ray machines were used: (1) the General Electric 90 Model 
11 CE 2-2 which has 1.75 mm. of aluminum total filtration 
and a kilovoltage range from 50 to 90, and (2) the Weber 
Model 6R which has a kilovoltage range from 50 to 70 and 
an inherent filtration of 0.5 mm. of aluminum equivalent. A 
phantom skull and constant target-film distances were used, 
and films were exposed at different kilovoltages to give a film 
background density as near to 2.7 as possible. (The graph is 
corrected to 2.7 through an estimate of film density changes 
per milliampere second at a constant kilovoltage peak.) Ex- 
posures were made, using each machine, without added filtra- 
tion and by adding 1.25 mm. of aluminum to the Weber ma- 
chine (this brought the total filtration of the Weber machine 
equal to the inherent filtration of the General Electric ma- 
chine) and by adding 1 mm. of aluminum to the General 
Electric equipment. (This raised the total filtration to the 
recommended level in the General Electric machine.) As in the 
experiment performed to provide the data in Figs. 18 and 19, 
the film density was recorded from the space previously oc- 
cupied by the maxillary first molar. 

It is interesting to note several points. (1) The General 
Electric machine has the greater output since with comparable 
total filtration (1.75 mm. of aluminum), and, at identical 
stated kilovoltages and target-film distances, an appreciable 
difference in milliampere seconds was necessary to produce a 
constant degree of film blackening. The General Electric ma- 
chine required fewer milliampere seconds. However, as the 
kilovoltage increases, the percentage difference between the 
necessary milliampere seconds decreases (Fig. 20, A compared 
with C’). (2) This suggests that, although the kilovoltages are 
said to be the same, they actually are lower on the Weber 


Physical Principles of X-Radiation 71 


machine than on the General Electric machine for the same 
kilovoltage peak setting. That is, the half-value layer (hvl) 
for each machine would be less with the Weber equipment than 
with the General Electric equipment. As the kilovoltages are 
increased, the penetrability of the two machines appears to 
become more nearly equal. (3) The curves with a minimum of 
filtration are flatter. (A should be compared with D, and B 
should be compared with C.) This is to be expected, especially 
in the machine with the lowest half-value layer. As filtration 
is increased, proportionally more long wave length radiation is 
eliminated and considerably more milliampere seconds are 
needed, especially in the low kilovoltage ranges, in order to 
maintain a constant film density. 

The kilovoltage peak-milliampere seconds filter relationship 
also has a bearing on film contrast. Richards has explored this 
matter thoroughly and comments: “The highest contrast or 
greatest difference in density between adjacent steps on a roent- 
genogram of the stepwedge was achieved when very little in- 
ternal and no external filtration was present. However, this 
technique often causes the first two steps to record with such 
high density that they could not be distinguished with ordinary 
illumination. When 1.75 mm. of aluminum was used as added 
filtration, the contrast between the thinner or less radio-opaque 
structures was reduced, whereas the contrast between the more 
radio-opaque structures remained unchanged. The added filtra- 
tion in this instance reduced the densities of the first two steps 
to a level where they too could be viewed with an ordinary 
source of light. When 0.35 mm. of copper plus 0.5 mm. of 
aluminum were used as added filtration, contrast over the en- 
tire range of densities was reduced appreciably.”* This matter 
is also considered in Chapter 5 in the discussions of the effect 
of filtration and of high kilovoltage techniques as they relate 
to the reduction of radiation injury. 


*From Richards, A. G.: Roentgen-Ray Doses in Dental Roentgen- 
ography, J. A. D. A. 56: 351-368, 1958. 
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The speed of film bears a direct relationship to the output 
needed for proper exposure. At the present time, manufacturers 
of dental film do not state the speed of their film. In the near 
future, film speeds by alphabetical classes will probably be 
recorded on the outside of the film packet. However, investiga- 
tions into relative film speeds of commonly used dental films 
have been made. This information, which has been published® 
is given in Table 1. The film emulsions listed in Table 1 are 
also available in double film packets and in various sizes. The 
subject of film speed and its relation to tissue injury is discussed 
under methods of reducing radiation injury. 

Several practical examples should serve to clarify the matter 
of calculations. Let us assume that a dentist who had been 
using intermediate-speed film became impressed with the need 
for using a faster film in order to render more adequate pro- 
tection to his patients. He was told that the new film speed was 
approximately five times faster than the radiatized film. He 
had previously been using 65 kvp, 10 ma at an 8-inch target- 
film distance and had been exposing mandibular molar teeth 
for two seconds. This dentist recognized that, if he kept all 
other factors constant (i.e., distance, milliamperes, and _ kilo- 
voltage peak), he would have to reduce the exposure time to % 
sec., and this was not possible with his present timer. He did 
not wish to purchase a new timer if this could be avoided. His 
machine was of the more conventional type which limited him 
to a top kilovoltage of 70 kvp. What are his alternatives? 

It is true that conventional mechanical timers are not gen- 
erally accurate below three fourths of a second. His choices in- 
clude the following: 

1. Reduce the kilovoltage and increase the milliampere sec- 
onds through an increase in time. Decreases in kilovoltage peak 
require increases in milliampere seconds (Figs. 18 and 19). 
This procedure is not advocated, however, because kilovoltages 
below 65 kvp generally result in films which have reduced di- 
agnostic quality and necessitate a proportionately greater 
amount of radiation of the patient. 

2. Increase the target-film distance by a factor of two which 
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Table 1. Relative Film Speeds* of Commonly Used 
Dental Films 


Film | Relative Speed 


Minimax RS (regular slow) 1.07 
Du Pont S-1 (“‘S” dental) 1. 
Rinn DC-1 (regular) 

Kodak DF-19 (regular) 
Minimax BS (intermediate) 
Du Pont D-1 (“D” dental) 
Kodak DF-7 (radiatized) 

Rinn MF-1 (medium fast) 
Minimax EFS (extrafast) 
Rinn EF-1 (extrafast) 

Kodak DF-45 (superspeed) 
Kodak DF-58 (ultraspeed ) 

Du Pont LF-! (lightening fast) 


Manufacturer’s Code Numbers of All Films With Similar Emulsion 
Characteristics 


Minimax regular slow: RS; RD; RT 

Du Pont “S” dental: 25S1; 2582; 150S1; 15082 

Rinn regular: DC-1; DC-N-1; DC-O-1; DC-2; DC-N-2; DC-O-2; 
3 DC; 2 DC 

Kodak regular: DF13, DF19 

Minimax intermediate: BS, BD, BT, 3B; 3Bx6; OB; OBx3 

Du Pont “D” dental: 25D1; 25D2; 150D1; 150D2; 25BW 

Kodak radiatized: DF-1; DF-7; DF-37; DF-39; DF-41; DF-43; DF-49 

Rinn medium: MF-1; MF-N-1; MF-O-1; MF-2; MF-N-2; MF-O-2; 
3MF; 2MF 

Minimax extrafast: EFS, EFD; EFT; 3EF; 3EFx6; OEF; OEFx3 

Rinn extrafast: EF-1; EF-N-1; EF-O-1; EF-2; EF-N-2; EF-O-2; 3EF; 2EF 

Kodak superspeed: DF-45 

Kodak ultraspeed: DF-57; DF-58; DF-55; DF-51; DF-48; DF-42; 
DF-40; DF-38 

Du Pont lightening fast: 25LF1; 25LF2; 150LF1; 150LF2 


*Relative film speeds are based on the arbitrary assignment of 1.0 
to the slowest film. Numbers higher than 1.0 indicate that the film is 
faster than the slowest film (i.e., requires less exposure time) in the 
amount of that multiple. For practical use, these numbers can be con- 
verted to the nearest whole number. 


¢ Approximate. 
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necessitates quadrupling the milliampere seconds. Thus the 7% 
sec. could be increased to 8% sec.* This is a realistic exposure 





*In actual practice this exposure value may be slightly excessive due 
to certain physical phenomena which are not essential to the present 
discussion. The operator can easily make the necessary adjustment. Note 
in Chapter 6, Determination of Proper Exposure Factors. 
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time for mechanical timers, and the increased distance will 
result in films which have superior definition and reduced dis- 
tortion. This does not expose the patient to any material in- 
crease in radiation. 

3. Adjust the milliamperes downward from 10, which will 
permit an increase in the time of exposure while maintaining 
constant milliampere seconds (i.e., 10 ma x % sec. is the same 
as 4 ma X 1 sec.). Any qualified maintenance person from a 
dental supply company can adjust the milliamperes downward 
if adjustment cannot be made by turning a knob on the control 
panel. 

4. Purchase of an electronic or synchronous timer will entail 
a moderate expense, but it, along with suggestion No. 2, is 
probably the most satisfactory solution to the problem.f 

As a second problem let us suppose that a dentist is currently 
using an intermediate-speed film (film speed 2.4 as in Table 1) 
at an 8-inch target-film distance and a technique which calls 
for 60 kvp, 10 ma, and 2 sec. exposure time for the mandibular 
molar area. Let us further assume that this dentist decides that 
it is now advisable to use a 90 kvp technique at the same 10 ma, 
but at a 20-inch target-film distance. Furthermore, he is 1m- 
pressed with the need for using faster film and is therefore 
changing to an ultraspeed type of film (film speed 11.6 as in 
Table 1) which is almost five times faster than the intermediate 
film which he had been using. Under the circumstances he 
knew he would have to modify the exposure time, but was not 
aware of the amount of change. His calculations would be as 
shown in Table 2. 

Under these circumstances, the exposure time would change 
from 2 sec. to approximately 5 sec. 

In these problems, no mention is made of filtration or colli- 
mation. These are discussed later in the text. Properly used, 
neither filtration nor collimation will greatly effect film density 


+See Appendix for names of suppliers of timers which can be added 
to most older types of dental x-ray machines. 
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Table 2 
| Film | Distance| kup | ma _ | Time 
Technique 1 Radiatized 8” 60 10 2 sec. 
Technique 2 Ultraspeed 20” 90 10 : 


Factor of change x 1/5* x nr x 1/4} x 1 


*Based on Table 1 and Richards.® 
{Based on the inverse square law. 


tFigs. 18 and 19. According to Fig. 18 the fraction should be 5/18, 
but it is rounded to 1/4 for convenience. Richards states5 that the fac- 
tor for converting exposure times from use with 65 kvp to 90 kvp 
(a 25 kvp change) is 0.36 (i.e., the exposure time at 65 kvp x 0.36 will 
give the proper exposure at 90 kvp). This factor was determined using 
a total filtration of 2.25 mm. of aluminum. This figure (0.36) is sub- 
stantiated in Figs. 18 and 19. 


2 sec. X % X or x %4x 1 = & sec. (rounded to the nearest 


reasonable fraction). 


although some increase in exposure may be necessary, es- 
pecially to compensate for added filtration. 


Accuracy of Exposure Timers—Spinning Top Test 


Calculations for the output of an x-ray machine per time 
interval are naturally dependent on the accuracy of the timing 
mechanism. Likewise, the amount of patient exposure is de- 
termined by the timer’s accuracy, especially if the dentist relies 
on the manufacturer’s exposure recommendations in terms of 
seconds for a particular film. (I do not advocate this; the 
reader is referred to Chapter 6, pages 162-167.) Reproducibility 
of a film, especially when high-speed film and short exposure 
values are used, is also directly dependent on timer accuracy. In 
any event, it is often helpful to know whether the timer on the 
x-ray machine is accurate. 

The accuracy of the x-ray timer can be determined easily 
by means of the spinning top test. A small disk of lead, ap- 
proximately 3 inches in diameter and %¢ to % inch thick, 
is fixed to a center post in such a manner that the disk can spin 
like a top. (The use of lead is not essential. A material with a 
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lower atomic number such as copper can be employed.) A sin- 
gle small hole is punched near the periphery of the disk. The 
disk is made to spin slowly (less than one revolution per sec- 
ond) on an extraoral film holder containing a film, and an 
exposure is made of the spinning top for a predetermined time 
interval, usually 1 sec. or less. Fig. 21, top left, shows a 60- 
cycle sine wave (see also Fig. 7) and illustrates that x-rays 
produced by a self-rectifying tube (as used in dentistry) are 
intermittently produced for 499 sec. with an intervening 420 
sec. between periods of production. At top right of the illus- 
tration, a top with a small hole drilled near its periphery is 
shown. The lower portion of the illustration shows the follow- 
ing: A, a top exposed for 149 sec. showing 6 impulses (accu- 
rate) ; B, a top exposed for 349 sec. showing 22 impulses (timer 
was slow—there should have been only 18 impulses); C, a top 
exposed for 4 sec. showing 34 impulses (timer was a little slow) ; 
and D, a top exposed for 34 sec. showing 48 impulses (timer 
was a little slow). Thus, the top should show 60 dots multi- 
plied by the fraction of a second of exposure used, plus or 
minus one impulse due to certain electrical phenomena. If the 
timer is operating slowly, the actual interval will be more than 
the time it was set for, and there will be a greater number of 
dots or exposures than anticipated; the converse is true if the 
timer is fast. By counting the number of exposures, one can 
detect whether the timer is accurate. It is also to be noted in 
C and D that the initial dots lack blackness in comparison with 
the constant density of the dots in A and B. This is due to a 
greater time lag in the heating of the x-ray tube filament in the 
case of C' and D. That is, fewer electrons in the electron cloud 
at the tube cathode produce fewer x-rays, and the film is not 
fully exposed for several impulses. This condition has no effect 
on film density if relatively long exposure times are used, but it 
has considerable importance when time intervals of 1% sec. or 
less are used. 


inp meta ae eon San 8, oe Ty oe 
PER oS ETT TTA Ue 


Chapter 4 
INJURIOUS EFFECTS OF X-RADIATION 


GENERAL CONSIDERATIONS 


The injurious effects of x-radiation are intimately concerned 
with the area of radiation coverage and tissue response. The 
area of the body covered by radiation may be limited to a spe- 
cific small area, or it may include the entire body. Specific- 
area radiation is ordinarily far less harmful in terms of the 
individual’s life than is whole-body radiation. Tissue changes 
are basically subdivided into genetic complications and the 
effects on somatic or general body cells. 

As has been pointed out previously, no radiation is good; in 
every instance it has some deleterious effect. However, some 
body cells respond very differently than do others, and it is 
essential for the operator to know which specialized body cells 
are most susceptible to radiation and to avoid exposure of such 
cells whenever possible. 

The effects of radiation on the specific individual is the same 
whether one is a patient or a user of radiation. However, users 
of radiation are permitted considerably more exposure than the 
amount considered safe for the average of the population. These 
factors will be considered in detail in the ensuing pages, as well 
as other associated factors. 


Specific-Area Radiation 


Roentgenograms taken for diagnostic purposes in medicine 
and dentistry invariably subject the body to specific-area radi- 
ation, rather than to whole-body radiation. For example, when 
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the dentist exposes a mandibular molar film, he ordinarily radi- 
ates a skin surface approximately 3 to 4 inches in diameter. 
The cells in this circle, and in a widening circle as the rays 
penetrate inward, receive primary x-radiation. In addition, sec- 
ondary radiation is produced by these rays as they pass through 
the tissue, and cells within and outside of the primary beam are 
exposed to secondary radiation. This can be effectively shown 
by exposing an ionization chamber in air at a given source-to- 
ionization chamber distance and then similarly exposing the 
same recharged ionization chamber with a human head or 
suitable phantom contacting the chamber on the side of the 
chamber away from the radiation source. Concurrently, in both 
phases of the experiment, a second ionization chamber may be 
placed just outside the beam of primary radiation. During the 
first in-air exposure, the second chamber will register little or 
no radiation, but, when the head is interposed, it will demon- 
strate the presence of secondary radiation. Fig. 22 illustrates 
this principle. The total number of roentgens are greater in the 
second phase of the experiment when the ionization chamber 
is on the skin. The measuring device picks up not only the 
radiation from the primary beam, but also secondary or back- 
scatter radiation reaching it from the tissues of the human head 
or phantom. 

An x-ray beam is aptly described as both electromagnetic 
waves and a series of bullets or quanta of energy which pene- 
trate tissue. These waves or quanta are extremely small in di- 
mension and are relatively widely ,spaced. These facts are 
mentioned in order to dispell any concept that the reader may 
have about the radiation beam acting as a solid band and 
striking all cells of the tissue through which it penetrates. If 
this were true, at least one atom in each cell would become 
ionized, and each cell could be expected to change materially 
and perhaps to die. However, it goes without saying that the 
longer the duration of the exposure, the greater will be the 
number of irradiated cells. 

It must be emphasized that various types of body cells have 
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Fig. 22. Air dose versus tissue dose. Source of radiation equal for 
both parts of the experiment. In Procedure 1, ionization chamber A 
will record X amount of radiation in air; B will register only the sec- 
ondary radiation received from air ionization (amount recorded de- 
pends on the sensitivity of the equipment). In Procedure 2, A! will 
record X amount of radiation plus secondary backscatter from the pa- 
tient’s head or from a phantom; B! will register secondary backscatter 
from the head or phantom. Realistic expectations in actual roentgens 
at a 20-inch distance using a constant source of radiation from a dental 
machine at 65 kvp, 10 mas, with a 0.05 total filtration are A — 165; 
B= 0; A! = 170; B! = 4. Using 2 2.5 mm. of aluminum total filtra- 
tion, the results will approximate A = 52; B = 0; A! = 54; Bi = 1. 





different degrees of resistance to x-radiation. These differences 
in radiosensitivity are stated in the law of Burgonie and 
Trebondeau which was formulated in 1906—the radiosensitivity 
of a tissue is directly proportional to its reproductive capacity 
and inversely proportional to its degree of differentiation. Re- 
stated, this means that, in general, the least mature cells and/or 
the most rapidly reproducing cells are more likely to show 
demonstrable histologic changes than the mature and/or slowly 
reproducing cells. In addition, it must be recognized that some 
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cells, such as the transparent lens cells of the eye, cannot be 
replaced by regrowth. Whereas the effect of radiation upon 
these cells probably follows the law just stated, the effect of 
radiation upon such cells is extremely serious. In the case of 
the eyes, radiation injury of sufficient magnitude may be 
followed by cataract formation. The following is a partial list 
of cells in order of diminishing radiosensitivity: 


Lymphocytes and granulocytes Endothelial cells lining the 
Cells which are the originators closed cavities of the body 
of the more complex cells of such as the heart, intestines, 
the gonads, the bone mar- and blood vessels 
row, the skin, and the ali- Connective tissue cells 
mentary canal Muscle cells including the 
Alveolar cells of the lungs heart 
Bile duct cells and cells of the Mature bone cells (bone and 
kidney tubules growth centers not included) 


Nerve cells including the brain 


In so far as organs and tissues are concerned (as opposed 
to cells), the following are affected the most by radiation: 


Adrenal glands Reproductive organs 
Alimentary canal Skin and hair follicles 

Blood and bone marrow Spleen and other lymphatic 
Eves tissue 

Liver and gallbladder Thyroid gland 

Lungs Urinary tract 


The type of ionizing radiation to which organs and specific 
cells are subjected plays an important role in subsequent tissue 
effects. 

It is important to recognize that cells are more sensitive to 
radiation during certain states of cell division, and that the 
higher the metabolic rate of the cell, the lower will be its re- 
sistance to radiation. In the blood-forming tissues and the 
gonads, where both acting and resting cells exist simultaneously, 
the resting cells are less sensitive to radiation than are the 
active cells. Cells which are malnourished are also generally 
less sensitive to radiation per se than are normal cells; this is 


me le 
wo Ae. 


at. ee 
Rada” us 


@esaae ras ach 


* 
ao 


Teak 


a 


82 Radiation Protection and Dentistry ‘ 


probably due to a diminished metabolic rate and a moderated 
tendency to reproduce. In general, multiple small doses at 
reasonable intervals result in more satisfactory tissue recovery 
than does a single large dose. 

Specific-Area Radiation in Dentistry. The amount of specific- 
area radiation that can be given to different tissues will vary. 
The reader is referred to the section dealing with measurements 
of radiation and particularly to the pages dealing with relative 
biologic effectiveness (see Glossary). For purposes of dental 
roentgenography, it is probably suitable to use an erythematous 
dose as a guide or base in limiting radiation to a specific area 
for the patient. The smallest exposure found to produce ery- 
thema is 117 r measured in air.® Other dental authors suggest 
considerably higher values.*° 11 Medical investigators suggest 
threshold erythematous doses that exceed but more closely 
approximate the minimum figure of 117 r.’? These figures sug- 
gest that there is considerable variation; light-skinned persons 
are ordinarily the most susceptible. If a safety factor of 4 is 
used, a figure of approximately 35 to 70 r to a specific area 
of the skin can ordinarily be considered safe. By safe one im- 
plies that the probability of skin erythema or untoward tissue 
response of any kind (gonads excepted) is not likely. Although 
such radiation is safe as a single exposure or as accumulated 
smaller exposures, it must be recognized that some of this 
radiation finds its way as secondary radiation and possibly as 
leakage radiation to the gonads and creates a cumulative, 
permanent effect. For this reason, radiation to the face must 
be reduced as much as possible. A reasonable maximum estimate 
of the adult male gonadal dose from the exposure of a dental 
film is 0.001 r for each roentgen delivered to the skin of the 
face.13 Richards estimates this figure to be 0.0001 r, an amount 
which is only slightly greater than the daily background ex- 
posure (i.e., from natural sources).* These estimates do not 
include such contributing factors as leakage from the tube 
housing. Furthermore, the estimate is low for children® since 
the gonads of a child are considerably closer to the face than 
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are those of an adult. Similarly, any leakage from the tube 
housing would have a more pronounced effect on small children 
because of the nearness of the radiation source to the gonads. 
Much of this same philosophy must be applied to young adults 
and pregnant women. These matters are discussed in greater 
detail in Chapter 7. 

Since the dentist administers repeated doses of x-radiation 
(rather than large massive doses), he should be interested in 
the accumulative effect on somatic cells. Naturally, the tissue 
reaction will have a direct relationship to the amount of the 
dose. If it is assumed that the dose is relatively small, the 
tissue will respond and return almost to normal. Subsequent 
radiation effects will be determined by this new base line of 
almost normal. This principle is shown in Fig. 23." 

The clinical question is often asked, “How long after a pre- 
vious exposure should one wait before submitting the same 
tissue to additional radiation insult?” Experimental work deal- 
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Fig. 23. Diagrammatic representation of the cumulative effects of 
X-rays in somatic cells of the body. (From Manson-Hing, L. R.: The 
Fundamental Biologic Effects of X-Rays in Dentistry, Oral Surg. 12: 
562-575, 1959.) 
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ing with this problem has been done by at least two different 
groups of investigators. Both groups used the skin as the ex- 
perimental tissue. MacComb and Quimby’ ** suggest a skin 
recovery rate of 77% in the first 24 hours, with the first half 
of the effect being lost in the first 12 hours. The rate of re- 
covery diminishes, and there is only 6% more recovery during 
the third and fourth days than during the first two days. At 
the end of the fourth day, recovery approximates 80%. Re- 
covery from subsequent exposures takes place much more 
slowly. On the basis of their work, as well as on that of Quimby, 
Poppel, Sorrentino, and Jacobson’* recommend that “any part of 
the body exposed to 100 r in air should not be re-exposed for 
three weeks. Doses of between 60 and 100 r in air may be re- 
peated after two weeks’ rest, and doses between 30 and 60 r in 
air may be repeated after one week’s rest. Doses below 30 r in 
air may be repeated daily provided the total dose per week does 
not exceed 100 r in air.’* These recommendations apply to 
roentgenographic and/or fluoroscopic examinations. These esti- 
mates were made in 1951. More recent thinking tends to be even 
more conservative and is continually being revised. Rather than 
express specific-area dosage for a single individual, current 
studies relate somatic radiation dose to the general population.” 

Since a usual type of dental x-ray machine without added 
filtration produces approximately 2 r per second of exposure 
at 65 kvp, 10 ma, and an 8-inch focal spot-to-skin distance, the 
reader can establish the approximate number of roentgens 
delivered to his patient. The average quantity is 25 to 50 r in 
air, but the amount varies, because of different techniques, 
from approximately 5 to 125 r in air for a complete mouth roent- 
genographic survey. Skin dose would be somewhat higher. A 
figure of 300 r maximum instead of 125 r is often used. But 
this relates to a very low-speed dental film which was formerly 
in general use, but which has now been removed from the 
market by most manufacturers. The total radiation (5 to 125 r) 





*From Poppel, M. H., Sorrentino, J., and Jacobson, H. G.: Personal 
Diary of Radiation Dosage, J. A. M. A. 147: 630-632, 1951. 
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Fig. 24. Specific-area radiation versus whole-body exposure. /, 
Specific-area radiation has a cellular effect on the exposed cells in a 
direct relationship to the character and amount of the radiation. 2, 
Whole-body radiation has the same cellular effect on the body’s cells, 
but its results are magnified because of the large number of cells radi- 
ated and the resultant limited opportunity for repair. 3, Specific-area 
radiation of the gonads is in some ways identical to any other specific- 
area radiation, but the changes in the genes are accumulative and irre- 
versible and are passed on to progeny in their mutated form where the 
radiation effects continue to accumulate. 
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is, of course, distributed to the various areas of the face and is 
not confined to any one place. Each specific area of the skin 
on the face receives approximately one fourteenth of this 
amount (based on a 14 film, complete mouth survey), plus 
additional radiation because of overlapping when other films 
are exposed. To this must also be added the amount of exit 
radiation reaching the skin as films on the opposite side of the 
face are being exposed. This will vary with the kilovoltage, 
filtration, and target-film distance used. The exit dose is some- 
what greater as kilovoltage, filtration, and distance, singly or 
collectively, are increased. 

Even though the radiation does not strike the same area of 
skin throughout the complete mouth series, it does converge 
on a central point which is probably located at or about the 
tongue. For purposes of tissue safety and repair, the complete 
mouth series probably should be considered a single exposure, 
the dose of which totals the combined doses required to take 
each single film. Fig. 24 illustrates specific-area radiation and 
compares it with whole-body exposure. 


Whole-Body Radiation 


As the words imply, whole-body radiation means radiation 
in equal intensity received simultaneously by all cells of the 
body. This type of exposure in dentistry or in the interpretive 
and ordinary therapeutic phases of medicine is impossible as 
far as the patient is concerned if reasonable care is used. How- 
ever, office personnel and others in the area (patients in the 
reception room, for example) could conceivably receive whole- 
body radiation through carelessness. In effect, secondary radi- 
ation absorbed from the patient and the sourroundings zs 
whole-body radiation. There are some therapeutic measures in 
medicine wherein whole-body radiation is used. Radiation from 
fallout or natural sources (background radiation) is usually 
considered to be of whole-body type; radiation in a thermo- 
nuclear war would involve all portions of the body. Specific- 
area radiation can contribute to whole-body radiation only to 
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the extent that secondary radiation from the radiated part 
reaches other portions of the body. In this regard, the repro- 
ductive cells are probably of greatest importance. Because of 
potential genetic effects, specific-area radiation of the gonads 
can be considered analogous to whole-body radiation. 

Confusion about the difference between whole-body radiation 
and specific-area radiation by members of the press, radio, 
and television is one of the factors which has contributed 
materially to unfavorable public reaction. For example, the 
statement that “no individual from conception to age 30 years 
should receive in excess of 10 r above background radiation” 
applies to gonadal or whole-body radiation; whereas a state- 
ment that “the exposure of one dental film produces 5 r” is 
related to specific-area radiation. It is impossible to compare 
these figures unless a definite relationship between them is 
known. This relationship is known in dentistry and is expressed 
in terms of gonadal dose per specific-area dose to the face. 
This figure has been stated earlier, but it bears repeating. For 
each roentgen produced at the face, a maximum of approxi- 
mately 0.001 r reaches the gonads of the adult male’*; a some- 
what greater amount reaches the gonads of the male child. 
Probably a gonadal dose of 0.0001 r per roentgen produced at 
the face is a more accurate estimate for the adult male,’® but 
the higher figure is properly used so that any error will be on 
the conservative side. Approximately one fifth of the male 
gonadal dose is received by the female for each roentgen pro- 
duced at the face.** This reduced dose is due to the increased 
depth of the organs within the body. 


Effect on Somatic Cells , 


As has been pointed out in several sections of this text, cellu- 
lar changes result from the ionization of one or more atoms 
making up the structure of the cell. Ionization of one atom 
in an organic compound materially changes the compound. 
_ To the extent that this compound is important to a given cell’s 
function, ionization may result in temporary or permanent 
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injury to the cell and even in death of the cell. Because any 
relatively small volume of body tissue is made up of myriads of 
cells, and since the radiation ordinarily strikes only an infinitely 
small percentage of the total cells in a particular volume, other 
cells in the given volume are able temporarily to take over the 
function of the impaired cell. It becomes obvious that if radi- 
ation is excessive, the percentage of injured cells increases. The 
effect of radiation on general body cells—and here one must 
recognize that radiation has a different relative biologic effec- 
tiveness (RBE)* on varying cell types—is not dissimilar to 
passing one’s hand over an open gas flame. If the hand is passed 
over the flame quickly, the only symptom is that of warmth, 
and, relatively speaking, no cellular change occurs. (This might 
be thought of as a safe dose.) If the hand is moved less rapidly 
across the flame, erythema or even a first-degree burn may 
result. However, after a period of healing, the tissue returns 
to normal. Should the hand be passed slowly across the gas 
flame once each day, it is probable that a chronic lesion would 
be produced that might heal normally over a longer period of 
time or might result in permanent keratosis. (This repeated 
passing of the hand over the flame can perhaps be considered 
analogous to multiple exposures of so-called safe doses of 
x-radiation. This illustrates why some authorities are not favor- 
ably disposed to the use of a safe dose based on a fraction of 
the erythematous dose.) If one permitted the hand to remain 
in the gas flame sufficiently long to produce a second- or third- 
degree burn, the result undoubtedly would be scarring; here 
we have cellular mutation which will be reproduced through- 
out a person’s life, but these mutations will not be passed on to 
the offspring. Lastly, if the hand were held in the flame suf- 


ficiently long, complete destruction would result. The somatic 


effects of x-radiation are basically similar to those of heat 
except that the results of heat are limited principally to cells 
on the surface of the body. Not only is x-radiation able to 





*For definition of relative biologic effectiveness, see Glossary. 
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reach inner cells, but it also possesses a greater degradating 
effect on one type of cell than on another. This fact has been 
considered in the discussion on specific-area radiation. 


Genetic Complications 


A cell is composed of a mass of living substance, protoplasm, 
separated from the surroundings by a cell membrane. ‘The 
main protoplasmic mass forms the cytoplasm or cell body. 
Within the cytoplasm is a relatively large spherical body, the 
nucleus. The nuclear content is enclosed in a membrane which 
disappears during indirect cell division and thus permits min- 
gling of nuclear and cytoplasmic substances. While mitosis is 
the normal method of reproduction, especially in young and 
unspecialized cells, direct cell division (amitosis) can take 
place without the formation of chromosomes; the nucleus 
elongates and ruptures, and this is followed by cytoplasmic 
division. This is not the usual process, nor is it related to the 
production of reproductive cells..* Further discussion of the 
cell is irrelevant to this text except to emphasize that a nucleus 
contains chromosomes which vary in number among different 
organisms. In man, each nucleus contains 48 chromosomes. 
The chromosome is composed of an as yet unknown number 
of genes. During indirect cell division, the chromosomes align 
themselves in a characteristic fashion and split two for one as 
the new cell is formed. In this manner, all cells retain the 
characteristic number of chromosomes. Fig. 25 illustrates these 
cellular characteristics. This is true for cells other than the 
reproductive cells. In reproductive cells the process is similar, 
but the male cell contains only 24 chromosomes, as does the 
female cell. At conception these unite to produce a single cell 
with 48 chromosomes. Such a cell is able to divide and multiply 
as a somatic cell. 

It can be readily understood that, if the chromosomes or the 
genes of a somatic cell are mutated, the cell may not be able 
to reproduce itself, or it may be reproduced in some changed 
form. This mutated cell cannot be transmitted to an offspring; 
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Fig. 25. The cell and its process of division. As the cell divides, the 
apparently haphazard arrangement of the chromosomes changes, and 
the cell divides as illustrated. 


it is transmitted to progeny in its original perfect form through 
the chromosomes and genes in the reproductive cells. However, 
should the chromosomes or the genes of the reproductive cell 
be disturbed, an effect may be observed in the next generation 
or in some later generation. 
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It is important to understand that mutated genes are ordi- 
narily recessive, and the effects of alteration in genes are not 
apt to be observed in the next generation. The reader will re- 
member that each human characteristic is controlled by genes, 
some of which are dominant and others of which are recessive. 
For example, brown as an eye color is dominant, whereas blue 
is recessive. If the genes which are mating are both dominant, 
the eyes will be brown. If the genes of one parent carry a char- 
acteristic of brown and the other the characteristic of blue, the 
eyes will be brown. If however two recessive genes (namely, 
those which are representative of blue eyes) mate, the eyes will 
be blue. 

Let us assume that a particular gene in the sperm of a radi- 
ologist has been mutated. This radiologist unites with a woman 
who has not been subjected to radiation, nor has her com- 
parable gene been mutated in any other way. The unmutated 
gene of the woman probably would be dominant, and the off- 
spring would be normal; yet the offspring would carry the 
mutated recessive gene of the father. Future marriages in suc- 
cessive generations would probably produce normal individuals 
until, by coincidence, two parents, each of whom carried the 
same mutated recessive gene, united. Under these circumstances 
it is possible, as in the case of the blue eyes, for the recessive 
characteristics to dominate and for the mutation to become 
evident in the offspring. It must be clearly understood that the 
mutation which develops is not necessarily a gross deformity. 
Mutations vary from brittleness in the fingernails, increased 
susceptibility to hypertension or possible shortening of the life 
span to mental incompetency or the gross changes of hydro- 
cephalus. If the genetic mutations are excessively great, the 
offspring, of course, cannot be conceived. Genetic mutations 
acquired from past generations can be added to by additional 
radiation administered to a current generation and can be 
passed on to future offspring. 

The explanation in the foregoing two paragraphs is decidedly 
oversimplified, but the reader should now understand why the 
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biologists and the geneticists are concerned about possible 
future genetic complications. In the first place, they do not 
know exactly how much radiation is necessary to cause minute 
changes in the genes in the human being; they only are able 
to make a scientific ‘“guesstimate.” Furthermore, they can only 
speculate about the amount of radiation human beings will be 
subjected to in years to come, and they recognize that one 
group of persons can be subjected to more total radiation than 
another group. For example, the higher the living standards 
of a group, the more likely will it be for this group to be ex- 
cessively radiated by x-radiation. Geography can make a dif- 
ference. Fallout on the United States has been rather con- 
siderable in the past year or more. Because of atmospheric and 
stratospheric conditions, the United States has received more 
fallout than most other countries. Radioactive materials may 
be incorporated into the soil or attached to leafy vegetation. 
Thus, foodstuffs in the United States may acquire considerably 
more radioactivity than similar food being grown in another 
geographic area. Such radioactivity may be ingested directly 
or indirectly (e.g., milk) into the human body, and people in 
a particular area or country may receive more long-lived radio- 
activity in the body tissues than people in other sections of the 
world. These possibilities are being watched very carefully. 
Samples of air, milk, and water are examined routinely, as 
well as green vegetation. The time may come when food prod- 
ucts will have to be destroyed or decontaminated of radio- 
activity prior to human consumption. 

Radiation accumulation from fallout is supplemented by the 
increased medical and industrial uses of radioactive materials. 
Nuclear reactors are becoming commonplace in the United 
States. The number of workers in radiation will increase, and 
accidents involving personal and public exposure to ionizing 
radiation are certain to occur. The many aspects of such prob- 
lems are far too numerous to discuss in a book of this type; 
interested readers are referred to the bibliography at the end 
of this text. 
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It is for these reasons that the geneticist expresses concern 
and fervently asks that all users of radiation, whatever the 
type, do all that they can to keep down the total accumulated 
dose. As was stated early in this text, medicine and dentistry 
have already more than doubled background radiation in the 
United States. Fortunately, dentistry adds only a small part 
to this additional exposure, but it must accept its responsibility 
for limiting its contributions as much as possible. Until factual 
knowledge becomes more available, conservativism must rule. 


PROBLEMS ASSOCIATED WITH DENTAL PERSONNEL 


At one time or another almost everyone has suffered from a 
relatively serious unexpected sunburn. Although one was aware 
of the sun’s heat during exposure, frequent observations of the 
skin did not suggest a burn, and many times the burned person 
felt that he had covered himself long before the skin received 
too much sun. In spite of this, the burn occurred. This delayed 
action is known as the latent period. Unless it is given in rela- 
tively large doses, x-radiation does not cause erythema or 
blistering of the skin. And unlike sunlight, it is invisible and 
without noticeable heat. Users of radiation often fail to think 
about protecting themselves from these insidious ionizing rays 
and are unaware of the long latent period associated with con- 
tinuous exposure to small doses of x-radiation. Fig. 26 attempts 
to portray these ideas. 


Increased Use of X-Radiation 


Wilhelm Konrad Roentgen discovered x-radiation in Novem- 
ber, 1895. In 1913, Coolidge perfected the “hot cathode” tube. 
Although a few dentists used the old type of gas tube, it was 
not until after Coolidge’s invention that x-radiation really 
started to be used in dentistry. And, as could be expected, a 
lag in the use of radiation occurred until the profession and 
the public became convinced of the need for the roentgen- 
ographic film as a diagnostic tool. A date line between 1930 
and 1940 seems reasonable to delineate the period in which 
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Fig. 26. The latent period. The latent period for x-radiation and for 
sunlight is comparable, but the time interval varies enormously. The 
effects of x-radiation often do not become evident for periods as long 
as 25 years. 
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oral roentgenography came into common usage in the dental 
office. Even today, particularly in rural and low-income areas, 
some people have not been educated to appreciate high-quality 
dentistry and the indispensability of roentgenographic evidence 
in establishing a diagnosis. Many dentists still take films only 
‘when they seem to be indicated.” However, most dental offices 
have made a rather consistent use of x-radiation since 1940, 
and there are no dental schools today which permit their 
students to operate without the benefit of roentgenographic 
information. All of this shows how the use of x-radiation in 
dentistry has increased in recent years. 

It is also notable that between 40 and 50% of the total urban 
population (based on a study done in Buffalo, N. Y.) received 
one or more diagnostic x-ray examinations of some type during 
the twelve-month period under study.’® 

It is almost impossible to attend or deliver a talk to an or- 
ganized group of dentists on the subject of radiation hygiene 
without having one or more in the assembly present himself 
at the conclusion of the talk and demonstrate some type of 
radiation injury. The most common examples of such injuries 
are keratosis on one or more fingers, brittleness and gross 1r- 
regularities of one or more fingernails, occasionally a lost finger, 
and less often an irritation on the toes of one foot where that 
foot has been allowed to protrude from under a lead screen. 
This display of radiation injury to the fingers will ordinarily be 
accompanied by an explanation that the dentist held films in 
the patient’s mouth. Such injuries are caused by primary 
radiation. 

Of equal importance is the secondary scattered radiation re- 
ceived by the operator from the patient and the surroundings. 
Symptoms caused by secondary radiation are more insiduous 
and may never be recognized. For example, the life span of 
medical radiologists is thought to be from five to six years 
shorter than that of other physicians,?° and the incidence of 
leukemia in radiologists 1s said to be eight to ten times as great 
as that in physicians in other specialties or in general practice.”* 
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Other studies have tended to disprove these facts.?” ?? Chronic 
radiation is also believed to result in such nonspecific conditions 
as premature tissue degeneration and debility. This is largely 
not measurable. It is not possible at present to estimate the 
amount of tissue degeneration caused by x-radiation among 
members of the dental profession. It is possible, however, that 
some life shortening among dentists has resulted from exces- 
sive low-level exposure. 

I was made aware only recently of an especially tragic situ- 
ation wherein a young graduate purchased a dental office hav- 
ing an old type of dental x-ray unit with a completely unpro- 
tected tube. Since his practice was not a flourishing one, this 
young person contracted with local school agencies to examine 
the mouths of the children and to take routine roentgenograms. 
The care which this dentist used in remaining out of the pri- 
mary beam and away from the patient’s secondary radiation 1s 
not known; in any event, some primary radiation undoubtedly 
escaped through the walls of the tube, as well as through the 
conventional pointed cone. Within a 5-year period the young 
dentist developed incurable leukemia. A survey made later by 
radiation physicists showed that he might have been receiving 
x-radiation at the rate of 5 r per hour while the machine was 
in function. In this example is combined the use of obsolete 
equipment with a frequency of radiation use beyond usual 
and normal circumstances. Nevertheless, it points out what can 
happen and, to a lesser degree, what does happen. 

A second such example involved a young married woman 
assistant who routinely made the exposures for her dentist 
after he had placed the film and angulated the x-ray machine. 
The work load in this office was about average (approximately 
20 to 30 single films per day). The room in which the films 
were taken was small and did not permit a great deal of mov- 
ing about. The dentist stood behind the x-ray machine or at 
the side of the beam since this was a convenient place for him. 
The young lady rarely moved from the vicinity of the timer 
hook which was just in back and to the left of the patient; to 
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have moved from this spot would have been inconvenient and 
time consuming. After having been in the employ of the dentist 
for approximately five years, she developed abnormal menstrual 
symptoms; previous to that time she had been unable to con- 
ceive. Interestingly, her fingernails developed a typical rough, 
corrugated appearance, and for some time she had experienced 
a more or less constant malaise. A blood count showed an ele- 
vation in the number of both white and red blood cells and a 
tendency toward immaturity of both white and red blood cells. 

With the exception of the sex-related symptoms, similar 
signs were also observed in an accountant who occupied a desk 
in an office directly contiguous with a continuously used dental 
X-ray room. 

In each of these three examples, the symptoms may have 
been unrelated to excessive x-radiation. In the first case, the 
relationship was rather definitely confirmed. In the remaining 
two instances, no attempt was made to establish a positive 
correlation between cause and effect. In the last two persons, 
radiation as a possible cause was avoided. This latter fact 
suggests that those persons who were in the best position to 
judge felt strongly about -the likelihood of a direct correlation 
between the patient’s systemic condition and excessive exposure 
to x-radiation. It is possible that many such cases exist, but 
medical histories do not usually attempt to establish a relation- 
ship between the patient’s symptoms and excessive exposure 
to ionizing radiation. 

The question now arises as to how much x-radiation dentists 
or dental personnel can absorb and still remain genetically and 
physically healthy. 


Maximum Permissible Dose (MPD) 


A permissible dose is defined as the dose of ionizing radiation 
that, in the light of present-day knowledge, is not expected to 
cause appreciable bodily injury to a person at any time during 
his lifetime. It logically follows that the maximum permissible 
dose is the highest dose value permitted under stipulated con- 
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ditions of exposure.” Such levels are set for users of radiation 
and do not apply to the bulk of the population. Exposure up 
to the permissible level is not expected to produce either im- 
mediate or delayed injury of a somatic nature, nor will it pro- 
duce genetic problems if the size of the group receiving such 
radiation is small. Maximum permissible dose levels are stated 
in terms of whole-body radiation or as specific-organ radiation 
or tissue dose. The prorated maximum permissible dose for 
persons working with x-radiation not in excess of 200 kv is 
100 mr per week.?*-?8 Certain of the less susceptible tissues can 
withstand greater amounts of radiation, but the more suscep- 
tible structures limit the maximum permissible dose. Any dentist 
even approaching the maximum permissible dose of 100 mr 
per week should look into his situation carefully. As a matter 
of fact, a weekly maximum permissible dose in excess of 30 mr 
should be investigated and reduced. There is no excuse for 
dental personnel receiving radiation of this magnitude. 

Very recently an ad hoc committee of the National Commit- 
tee on Radiation Protection and Measurements has re-examined 
the problem of the exposure of the population to man-made 
radiation. The report of the ad hoc committee is published,’” 
but has not as yet been accepted. This report suggests that the 
maximum permissible dose for the population at large “‘exclud- 
ing medical and dental sources of radiation should not be sub- 
stantially higher than the background level of radiation.’’* 
Background radiation is arbitrarily stated as 100 mrem per 
year (3 rem per 30-year period). 

In order for the interested reader to have a more complete 
understanding of maximum permissible radiation, the appendix 
includes, in toto, a recent addendum to the National Bureau 
of Standards Handbook 59. The material is written to include 
all types of ionizing radiation and is directed primarily toward 





*From Somatic Radiation Dose for the General Population: Report 
of the Ad Hoc Committee on Radiation Protection and Measurements, 
May 6, 1959, Science 131: 3399, 1960. 
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nonmedical and nondental users of radiation. However, much 
of the material is relevant to the dental office. The information 
in the discussion on Basic Rules—1. Accumulated Dose (Radi- 
ation Workers) applies to dental operators and x-ray tech- 
nicians, whereas the data in Basic Rules—4. Dose to Persons 
Outside of Controlled Areas may be construed as having a re- 
lation to dental office personnel. The material included is not 
strictly in accord with the recommendations of the ad hoc 
committee for the general population just mentioned. The 
group comprising persons outside of controlled areas is con- 
sidered much smaller than the group making up the general 
population (e.g., the dental patient). For this reason, their 
yearly dose can be larger than that of the general population. 
For general dental office use, the “rem” (as used in the adden- 
dum just referred to) and the “r’ can be thought of as syn- 
onomous. 

For the purpose of expediency in explaining and understand- 
ing the situation, a maximum permissible dose of 100 mr per 
week will be used in this text. Although the use of the weekly 
maximum permissible dose has been discontinued (see just men- 
tioned addendum), it continues to have significance and may 
be more easily understood. 

One hundred milliroentgens per week equals 0.1 r per week 
or 0.02 r per day for a 5-day week. If one remembers that the 
dental x-ray machine, on the average and without added filtra- 
tion, produces 2 r per second at an 8-inch target-film distance, 
it is not difficult to visualize the effect on dental personnel of 
a single exposure of primary radiation. If a dentist were to 
stand in the path of the unattenuated primary beam 5 feet 
from the source of radiation for 1 sec., he would acquire in 
excess of his maximum permissible dose for that day: 

(8)? 


160")? = 0.035 r 


2rx 


If the figure of 0.02 r as the maximum permissible daily dose 
and a 200-day work year as a basis for calculations (admittedly 
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this is low) are used, a figure of 4 r per year would evolve. 
Earlier in the text a figure of 10 r was given as the maximum 
amount of radiation above background radiation that could be 
safely received by the average person in the population during 
the period from conception to 30 years of age. It becomes im- 
mediately obvious that if a person received his maximum per- 
missible daily dose over a period of one year, he would exceed 
the total of 10 r in a period of approximately two and a half 
years. A question immediately arises as to the explanation. 
The figure of 10 r (there are other maximum estimates; see 
Figs. 2 and 3) for the first 30 years of life pertains to the popu- 
lation as a whole. The over-all probability of significant genetic 
changes in the world’s population will not be altered if a few 
thousand people become irradiated with considerably more 
radiation than that considered safe for each person in the total 
population. Thus, a less stringent maximum level of exposure 
can be set for the relatively small number of persons occupa- 
tionally engaged with x-radiation. In the practice of dentistry, 
this includes the dentist and his assistants who ordinarily use 
the x-ray equipment. It does not include secretaries, laboratory 
technicians, or receptionists. In order to further protect radi- 
ation users, standards based on multiple-year exposures have 
been established and are given in the next paragraph and in the 
Appendix in a somewhat different and more complete form. 
Radiation workers should not receive more than a total ac- 
cumulated dose to the reproductive cells (whole-body radiation) 
of 60 rem* up to the age of 30 years (MPD = [age — 18] x 5)F 
and not more than 50 rem additionally for each 10-year period 
thereafter. If radiation is used steadily to the point that it 
approximates the maximum permissible dose per week (100 
mr or 0.1 r), the levels of accumulated radiation over a 3-month 
period, over a l-year period, and over a 10-year period are 





*For dental purposes the rem can be considered with the roentgen. 


tSee Appendix, addendum to National Bureau of Standards Hand- 
book 59. 
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reduced so that an individual may accumulate no more than 
a total of 50 rem in a 10-year period—12 rem each year and 3 
rem for each 3-month period. It is desirable that such doses 
be distributed in time as uniformly as possible. The formula 
MPD = (age — 18) x 5 suggests that persons 18 years of age 
and under should not be occupationally engaged in the use of 
radiation. Persons under 18 years of age who are nonoccupa- 
tionally exposed to radiation should receive no more than 1.5 r 
per year,”® and their first 30-year exposure should be limited to 
no more than 10 r in excess of background radiation.*° Fig. 2 
illustrates other means of expressing the same general con- 
cept.3? °2 These maximum limits ordinarily will not be reached 
by dental personnel under usual circumstances if proper pre- 
cautions are followed. These precautions will be outlined later 
in this text. Dental users of x-radiation, particularly those en- 
gaged in institutional work in which many routine films are 
made, should investigate their working conditions carefully. 

Any person who has been subjected at any time during his 
life to unusual radiation exposures should also investigate his 
own situation carefully. For example, under conditions of mili- 
tary urgency, a small group might be permitted to receive as 
much as 24 rem per day for eight days or as much as 3 rem 
per week for two or three years. However, if an individual 
receives an exposure greater than 50 rem in less than ten years, 
he should henceforth be placed under conditions of very low 
or no irradiation. And if a person has received as much as 100 
rem of whole-body radiation, he would certainly be disqualified 
from long-term work with radiation except under the most 
unusual circumstances. This does not disqualify such a person 
from an occasional diagnostic film or even a complete roent- 
genographic survey taken under conditions that would mini- 
mize the total radiation received by the subject.** 


Causes of Death of Dentists 


Records of the causes of death of dentists have been pub- 
lished,?* but these statistics do not extend over an appreciable 
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number of years. Furthermore when these statistics were com- 
piled, no effort was made to determine the degree to which 
the deceased person utilized x-radiation. As this text is being 
written there is no reason to believe that the American Dental 
Association has any immediate program in mind for compiling 
such statistics. Because medical radiologists are board qualified 
and practice their specialty exclusively, the American Medical 
Association is in a position to compile more usable statistics. De- 
batable information is available which states that the incidence 
of leukemia among radiologists is considerably higher than 
among other practitioners of medicine, and that the life span of 
radiologists is approximately five to six years shorter than the life 
span of other practicing physicians.?°-?? It would not be at all 
surprising if the incidence of leukemia and other debilitating 
diseases as the cause of death of dentists were to increase 
sharply in the near future. A dentist who commenced practice 
in 1935 would now have been in practice 25 years and would 
have attained the approximate age of 48 years. Prior to 1935, 
as was pointed out earlier, the tendency to use x-radiation in 
dentistry was limited, and many older dentists have never been 
convinced of the value of the roentgenogram. Undoubtedly, 
carelessness has existed in many dental offices; only now is the 
dental profession becoming cognizant of the danger of x-radi- 
ation. In support of these statements, the reader is referred to 
the work of Spaulding and Cowing*® who state that “dental 
personnel receive more x-ray during their normal routine than 
do most others who utilize radiation for diagnostic techniques.”* 


PROBLEMS ASSOCIATED 
WITH NONDENTAL PERSONNEL 


Nondental personnel include patients and all other persons 
who might come within the effective range of x-radiation 





*From Spaulding, C. K., and Cowing, R. F.: A Survey of Radiation 
Received by Dentists and Dental Assistants, Am. Indust. Hyg. A. Quart. 
20: 424-427, 1959. 
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created by a dental machine. This latter group includes people 
in the waiting room and workers in adjacent offices, as well 
as dental ancillary personnel who do not use x-ray equipment. 
Most of what has been said in previous sections of this text 
relates directly to these. persons, and the reader is encouraged 
to review pertinent preceding material. These people are a part 
of the general population (as opposed to radiation users) and, 
as such, must receive the smallest possible amount of radiation 
to the somatic cells and particularly to the reproductive organs. 
This does not suggest, however, the advisability of sacrificing 
necessary diagnostic information for tissue protection; to do so 
would be foolhardy. The suggested maximum permissible dose 
for these persons is that equal to background radiation” (page 
98); they have no knowledge of radiation, nor of its effects; 
they are totally dependent upon the care, caution, and knowl- 
edge of their dentists. Examples of the need for care follow. 
A radiation dose of 2 r (approximately 1 sec. exposure on the 
average dental machine in use today) at 8 inches from the radi- 
ation source of a conventional dental machine will diminish to 
slightly more than 0.03 r at a 5-foot distance; at 10 feet, on the 
basis of the inverse square law, this figure (0.03 r) would be 
quartered. A lawyer or bookkeeper or hairdresser (or whatever 
the person’s occupation) who works on the other side of a wood 
and plaster partition 10 feet from a dental x-ray machine could 
receive 0.008 r per second less the radiation attenuated by the 
patient and the wall. Even if this attenuation were as much as 
99%, the person could still receive 0.00008 r or 0.08 mr. This 
amount of radiation accumulated through multiple exposures 
over a considerable period of years could result in far more radi- 
ation than this person should receive as a member of the general 
population, perhaps more than the maximum permissible dose 
for an operator. Obviously, this possibility is directly related to 
the x-ray work load of the dental office. As was cited earlier, 
there have been established instances where such a nonoffice-con- 
nected person has received in excess of the maximum permissible 
dose for an operator and has suffered biologic consequences. 
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In the past few years, there has been an increase in the 
occurrence of eye cataracts and of thyroid cancer. The inci- 
dence of increase in thyroid cancer seems to be related in part to 
the irradiation of the thymus in young children.**** The in- 
crease in the incidence of cataract seems to be related partly 
to exposure to ionizing radiation.***7 The lens of the eye ap- 
pears to be the most susceptible to fast neutrons, but excessive 
x-radiation can also injure this irreparable tissue. There is no 
way of knowing the role which dental roentgenography has 
played in promoting these conditions, but even casual examina- 
tion of dental techniques shows that the thyroid can become 
irradiated by primary radiation when mandibular films are 
exposed, and the eye may easily be exposed when exposures 
of maxillary teeth are made. Further emphasis will be given 
to irradiation of the eye and thyroid in Chapter 5, Prevention 
of Radiation Injury. 

Radiation of the somatic cells of the face, with resultant 
scatter to the gonads, can vary from 5 to 125 r in the production 
of the same complete mouth diagnostic survey; the average 
is from 25 to 50 r. This will be discussed further in Chapter 5. 
Even if 125 r of facial radiation were not harmful, it should 
be unthinkable for a dentist to administer more radiation than 
necessary. As knowledge increases, it is possible that presently 
unknown effects will be associated with low-level radiation. The 
dentist is obligated to do all in his power to reduce the total 
radiation reaching nondental personnel. 


Chapter 5 
PREVENTION OF RADIATION INJURY 


In earlier chapters, stress was placed on three concepts of 
radiation injury—namely, (1) radiation injury may occur in 
either somatic or reproductive cells, (2) individual cell injury 
is similar regardless of cell type, but the effects may vary 
greatly, and (3) persons receiving radiation include the oper- 
ator, his assistant, the patient, and the innocent bystander in 
an adjacent office or in the doctor’s reception room. Any 
means suggested in the following pages to prevent radiation 
injury can have a favorable effect on all of the persons men- 
tioned, even though a particular method may be suggested as 
the most beneficial to the operator and his assistant or to the 
patient. It is the dentist’s responsibility to utilize every possible 
method at his disposal which will reduce the possibility of po- 
tential radiation injury. Remember that the latent period for 
tissue injury may be as much as twenty-five years. Sometimes 
the measured amount of radiation reduction is so small that 
it appears inconsequential, but the dentist must constantly bear 
in mind the well-established fact that the world’s population 
is being constantly and increasingly bombarded by various 
forms of radiation. The effects of this increase on present and 
future generations are not known, and it is essential that one 
act cautiously in his ignorance lest he contribute unnecessarily 
to irreversible biologic difficulties in the future. 


DANGERS OF PRIMARY RADIATION 


Primary radiation is that which emanates directly from the 
x-ray tube target. It has the greatest ionizing potential and is 
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the most potentially dangerous type of x-radiation. (The ioniz- 
ing power of primary radiation varies, of course, with its 
quality and quantity.) Most of the primary radiation is ab- 
sorbed in the tube housing. That which emerges through the 
aperture in the tube housing is called the useful beam. It is this 
portion of primary radiation that exposes the film. The patient 
is subjected to primary radiation when a dental film is exposed. 
This, of course, is specific-area radiation and not whole-body 
exposure. The operator and his assistant are exposed to pri- 
mary radiation only when they needlessly and foolishly stand 
in the primary or useful beam. 


Primary Radiation and the Patient 


The disadvantages of injury caused the patient through the 
diagnostic use of x-radiation in the dental office is overshadowed 
by the advantages gained through the use of the diagnostic 
film, provided that the dentist minimizes the total exposure 
as much as possible. Tissues irradiated for the production of 
diagnostic films will ordinarily repair without untoward effects. 
Probably the only exception to this is the accumulated irre- 
versible changes occurring in the genes of the reproductive 
cells from secondary or possibly leakage radiation. However, 
it is especially important to recognize the necessity for exer- 
cising great care with young persons. Developing tissues are 
most sensitive to ionizing radiation, and a child has a long 
future in which to acquire the maximum amount of exposure. 
Areas of growth must be radiated with greater respect than 
those whose development has become relatively stabilized. In 
spite of this fact, it has been shown that the amount of radi- 
ation generally used for diagnostic work on children in the 
dental office can be expected to have no deleterious effects on 
developing teeth and jaws. Experimental work establishing the 
effects of x-radiation in limiting developmental potentials of 
the tooth germ has used radiation outputs far in excess of that 
required by one or even several complete mouth roentgeno- 
graphic surveys. 
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Even though it was mentioned earlier, it is essential to stress 
again that the x-ray tube head in dental equipment is almost 
in contact with the gonads of a male child when lower anterior 
films are exposed; leakage from the tube head would result in 
considerable dosage to these organs in either the male or female. 
‘Additionally, exposure of periapical films can cause unnecessary 
radiation of the eyes and thyroid. Care must be used to avoid 
overexposure of these tissues. 

It is important to place added emphasis on the possible con- 
tributions that dental use of x-radiation may make to eye 
cataracts and thyroid cancer, particularly the latter. To the 
best of my knowledge, no cases have been presented in the 
literature which show a direct relationship between dentistry 
and the pathology mentioned, but there is evidence that thyroid 
cancer in children is related to irradiation of the neck for such 
conditions as enlarged thymus, bronchitis, infected tonsils and 
adenoids, and enlarged glands of the neck. The average latent 
period for thyroid cancer in young children is said to be about 
seven years. Other cases of thyroid cancer in adults with a 
latent period of up to thirty years following treatment for such 
conditions as tubercular glands of the neck have been reported. 
Interestingly, carcinoma of the thyroid, especially in young 
children, has developed after exposures as low as 200 r.*°*4 

Cataract formation, which clinically appears as an opacity 
of varying sizes in the normally transparent lens of the eye, 
may also be caused by excessive exposure from x-radiation. 
Cataracts appear to be somewhat more intimately related to 
fast neutron radiation, however, and the dose necessary for 
production is ordinarily greater than that for thyroid change. 
However, single doses of 200 r and multiple doses over a period 
of three weeks of 400 r are said to have produced a change in 
the eye. Other cases caused by somewhat larger dosages have 
been reported.** 47 

The interesting connotation in so far as dentistry is con- 
cerned in both cataract formation and thyroid cancer is twofold. 
First, dental exposure of both the eye and the thyroid can 
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easily occur if the beam of radiation is not collimated. Fig. 27 
demonstrates the skin surface covered by beams collimated to 
diameters of 234, 4, and 5 inches when a mandibular molar 
or bicuspid film is taken. Fig. 28 shows relationships of ex- 
posure to the skin surface under similar collimation procedures 
when the maxillary teeth are exposed. Both illustrations show 
the ease with which the eye and the thyroid are exposed if the 
beam is not collimated properly to a maximum of 234 inches 
in diameter. 

The second important point of reference is the amount of 
exposure used in some cases to produce a complete mouth roent- 
genographic survey. As was commented earlier, complete surveys 
are made using from approximately 5 r to 125 r, depending on 
the technique employed. This is distributed to all areas of the 
face. The average output per complete survey is between 25 
and 50 r. If the maximum amount of exposure is employed 
(i.e. 50 to 125 r), a serious contribution of ionizing radiation 
to both the eye and the thyroid may be made. The thyroid is in 
a direct line of primary radiation as each area of the mandible 
is exposed if the useful beam is not well collimated. Each eye 
probably receives a little more than one-half the total output 
for the maxilla if proper collimation is not used. In addition, 
both the eye and the thyroid receive scatter radiation from the 
surrounding tissues. Dentistry, over a period of time, may be 
contributing excessive amounts of radiation to these tissues. 
There appears to be no published evidence either to confirm 
or to negate this statement. The dentist is obligated to collimate 
the useful x-ray beam adequately. He should also determine 
whether the patient has had prior radiation therapy before 
exposing the patient to further x-radiation. 

The reader is referred to comments in the discussion on 
secondary radiation and the patient (page 117). Attention 
is called to incorrect techniques used in exposing wrists and 
sinuses which subject the gonads to unnecessary secondary ra- 
diation and possibly even to primary radiation. 

In general, it may be accurately stated that unless primary 
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radiation is used carelessly or sadistically, the dangers from 
primary radiation accruing to the operator and his assistant 
and possibly to a person occupying a contiguous office are 
greater than those to which the patient is subjected. In the 
remainder of this text nothing more will be said about persons 
in adjacent offices because principles which apply to the oper- 
ator and his assistant apply equally to these persons. 


Primary Radiation and the Operator 


Untoward tissue changes in the dentist or his assistant from 
primary radiation generally result because of one of three 
reasons or because of all of them. Carelessness or negligence, 
holding films in the patient’s mouth, and using the fluoroscopic 
mirror have contributed immeasurably to dangerous and un- 
necessary exposure to primary radiation. 

Carelessness and Negligence. It can probably be stated with- 
out fear of contradiction that dentists know that they should 
never stand in the path of primary radiation. Haste, forget- 
fulness, and perhaps disbelief about the effects of radiation 
result in unnecessary exposure. There is very little that can be 
said in a book of this type which will make or force the dentist 
to observe this rule. The effects of radiation on tissue have been 
discussed fully. Life shortening and early debility of tissues and 
organs result from chronic exposure to low levels of radiation; 
this is all avoidable. NEVER STAND IN THE PATH OF PRIMARY 
X-RADIATION. 

Holding Films for Patients. It is a common practice for some 
dentists to hold periapical films for patients. This is done to 
hasten the procedure and, in the case of young or infirm pa- 
tients, to assist because of the patient’s inability to help himself. 
It is obvious that such a practice subjects the hand and proba- 
bly other portions of the operator’s body to primary radiation 
at a very short focal spot-skin distance; the intensity of the 
ray is far stronger at this distance than at the 5-foot distance 
mentioned earlier when the maximum permissible dose was 
discussed. In addition to radiating portions of the body with 
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primary radiation, other areas receive secondary radiation of 
considerable intensity. If a mechanical type of film holder is 
impractical and it becomes necessary to hold a film for a pa- 
tient, the film should be held by a parent or a companion who 
Is not occupationally or otherwise subjected to excessive radi- 
ation. 

There is little that a book of this type can do to influence 
persons who disregard such recommendations other than to 
present the facts. ‘This has been done throughout this text. For 
purposes of emphasis, let us restate. UNDER NO CIRCUMSTANCES 
SHOULD AN OPERATOR OR HIS ASSISTANT HOLD A FILM FOR A 
PATIENT DURING EXPOSURE. 

The Fluoroscopic Mirror. The fluoroscopic mirror is a device 
which looks similar to any regular dental mirror except that a 
yellowish material replaces the usual reflecting surface. This 
yellowish substance has the property of fluorescence when sub- 
jected to x-radiation. If a room is darkened and the mirror is 
placed in the position ordinarily occupied by a dental film, an 
x-ray beam directed throush the tooth onto the mirror pro- 
duces an image on the mirr:.. This permits direct visualization 
of roentgen ray shadows by means of fluoroscopy. This proce- 
dure is identical in principle with that employed by the medical 
radiologist for direct fluoroscopic viewing. 

Such mirrors have been used in endodontic procedures and 
in the removal of root tips, overhanging amalgam restorations, 
etc. Needless to say, the operator must be in the primary radi- 
ation or very close to it if he is to observe the mirror’s fluoro- 
scopic screen critically. Under such circumstances he receives 
considerable secondary radiation, as well as varying amounts of 
primary exposure. Furthermore, the duration of such exposures 
usually becomes excessive, and the patient is often unduly 
irradiated. As was mentioned, this technique is used in medi- 
cine, but the operator is as well protected as possible, and care 
is used to irradiate the patient minimally. 

Fortunately, this contrivance has not been widely distributed 
among members of the dental profession. It has recently been 
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removed from the market. Those dentists who possess such a 
mirror are advised to discard it lest temptation to use it be 
too strong. Without doubt it is a useful implement if the hazards 
of radiation exposure are overlooked or disregarded. 

In summary, the prevention of primary radiation injury to 
the operator and/or his assistant can be done simply and effec- 
tively. THE OPERATOR AND HIS ASSISTANT MUST NEVER SUBJECT 
ANY PORTION OF THEIR BODIES TO PRIMARY RADIATION. The 
spread of primary radiation as it emerges from the x-ray ma- 
chine will vary with equipment and with the amount of added 
collimation. 


DANGERS OF SECONDARY RADIATION 


Secondary radiation has been defined earlier in this text as 
radiation which is produced by the x-ray (primary radiation) 
as it strikes the nuclei or electrons of atoms in its travel through 
the air, the organic substances, and the inorganic materials 
which comprise our environment. All radiation that emerges 
from tissue is secondary radiation, with the exception of un- 
changed primary radiation. Secondary radiation scatters in all 
directions (see Fig. 14). Secondary radiation is ordinarily pro- 
duced as soon as the x-ray machine is turned on, and it is elimi- 
.nated the moment the primary radiation is discontinued. As 
can be easily imagined, secondary radiation is not as intense 
nor as deeply penetrating as the primary radiation which pro- 
duced it. 

Somewhat less obvious is the fact that the quality of secon- 
dary radiation produced by a constant amount of primary radi- 
ation is dependent upon the kilovoltage employed and the 
atomic number of the substance from which the secondary 
radiation emanates. The secondary radiation produced in a 
given material by a constant source of primary radiation 1s 
apt to have greater quantity but less quality (penetration) as 
the atomic number of the source of secondary radiation de- 
creases. The amount of secondary radiation produced by low 
kilovoltages will be greater in materials with a low atomic 
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number than in materials with a high atomic number because 
the latter will have a greater tendency to absorb the primary 
radiation totally without converting to secondary radiation. The 
amount of secondary radiation produced by high kilovoltages 
will be comparatively low in the materials with a low atomic 
number because the short wave length radiation penetrates 
such materials comparatively readily. Conversely, sufficiently 
high kilovoltage radiation can produce secondary radiation, as 
a part of its absorption process, in the materials with high 
atomic numbers. Generally speaking, as the kilovoltage of the 
primary beam is increased, both the quality and the quantity 
of the secondary radiation is amplified. 

These remarks dealing with the generation of secondary ra- 
diation are grossly incomplete, but to delve more deeply into 
the subject would be unwarranted in a text such as this. Any- 
one familiar with such phenomena as photoelectric absorption, 
the Compton effect, and scattering absorption will recognize 
deficiencies. For present purposes, the statements are sufficiently 
inclusive. 

These remarks are significant to the dentist. He may be 
placing himself in greater jeopardy if the secondary radiation 
that he is receiving comes from the patient’s head rather than 
from the surrounding air, or if it comes from a metal wall 
rather than from a plywood partition. This is not to imply 
that secondary radiation coming from the plywood partition 
is insignificant and can be disregarded. As a matter of fact, 
under usual conditions in the dental office a large portion of 
the secondary radiation to which the dentist is subjected may 
come from materials with low atomic numbers such as the 
patient’s soft tissues, the air, and the walls of the room. Work 
by Richards*® supports this statement by demonstrating that 
secondary radiation from the face comes primarily from soft 
tissues; either hard structures (i.e., higher atomic number) 
absorb the x-rays, or the secondary rays produced in the hard 
structures are absorbed by the soft tissue as they emerge. 

If elements with higher atomic numbers such as lead are 
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radiated by energies of the magnitude used in dental roent- 
genology, the greater proportion of the primary radiation 1s 
absorbed and dissipated, as is any secondary radiation pro- 
duced. Neither the primary nor the secondary radiation is dis- 
charged into the surrounding environment. Some secondary 
radiation is created even in such absorbers as lead if exception- 
ally high energies are used. It is for this reason that under 
certain circumstances one finds a layer of material with a low 
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Fig. 29. Barrier materials and secondary radiation. A, Radiation 
striking the low atomic number substance produces some low-quality, 
high-quantity secondary radiation. The higher the radiation’s energy, 
the more likely it is to penetrate through to the high atomic number 
material without activating the low atomic number material. Radia- 
tion of relatively high energy striking the high atomic number material 
pues secondary radiation. This secondary radiation is absorbed 
y the low atomic number material. In this way it does not get to 
human beings in the room. If, instead of being a wall, the materials 
were being used as a barrier for the protection of the operator, the low 
atomic number material would be placed on the other side of the high 
atomic number substance because the operator would be standing on 
this side, and secondary radiation spreads in all directions. B, With a 
relatively low-energy radiation source, a high atomic number material 
can be used on the wall as a barrier without a secondary absorber be- 
cause the radiation is absorbed with little conversion to secondary radi- 
ation. If a secondary absorber were used, its effect would be deleterious 
because the low-energy radiation would cause it to produce varying 
quantities of low-quality radiation. 
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atomic number, such as plywood or pressed board, placed di- 
rectly on the lead between the lead and the x-ray source. This 
material which has a low atomic number is used to absorb the 
secondary radiation created in the lead by high-energy radiation. 
If the lead is to be used as a protective barrier, the material 
with the low atomic number should be placed on the lead 
between the lead and the operator. These thoughts are illus- 
trated in Fig. 29. These concepts, however, have little signifi- 
cance for the dentist because even the higher kilovoltage 
radiation produced in dentistry is fully absorbed and dissipated 
in lead without the production of secondary radiation. As a 
matter of fact, the placement of a material with a low atomic 
number in contact with the lead between the lead and the 
patient should be avoided because undue secondary radiations 
from the wood can reach the patient if this barrier is in close 
proximity to the patient. The presence of a material which has 
a low atomic number behind the lead and between the lead and 
the operator is not objectionable because the lead absorbs the 
radiation, and no secondary radiation is produced in the ply- 
wood or other supportive material. Of necessity, the statements 
are oversimplified, but interested persons can pursue the sub- 
ject by additional reading. 

The dangers from secondary radiation are similar to those 
from primary radiation except that secondary radiation is un- 
able to penetrate human tissues as readily as is primary 
radiation. It becomes obvious that the greater the quality 
(penetrability) of this secondary radiation, the greater is its 
inherent danger so far as the deeper tissues are concerned. 
Even the less penetrating secondary radiation has the ability to 
penetrate the skin and to affect such vital tissues as are included 
in the hematopoietic system. 

It is important for a dentist to understand that in dissipating 
its energy a given x-ray (primary radiation) can produce many 
secondary radiations. The deleterious effects from these second- 
ary radiations in total would be equal or nearly equal to the 
unfavorable effect on tissues created by the primary radiation. 
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Fortunately, however, the secondary radiations scatter in all 
directions; it is impossible for a person to absorb more than a 
small percentage of the secondary radiation created by each 
x-ray. A person could be subjected to all of the primary rays 
in a given beam of radiation. For this reason and because of 
reduced quality (penetrability), the effects of secondary radi- 
ation are not so severe as those of primary radiation per equal 
unit of time. If, however, the time interval for the absorption 
of the secondary radiation is extended, as it might be in a 
dental office, it is entirely possible that the deleterious effects 
accruing from secondary radiation will be just as severe as 
those from a smaller amount of primary radiation. 


Secondary Radiation and the Patient 


Secondary radiation is not of paramount importance in so 
far as protection of the patient is concerned if the operator 
does all that he can to limit primary radiation. Means for 
limiting primary radiation will be discussed in detail. It is 
true that some secondary radiation created at the primary 
source of exposure will find its way to the gonadal tissues. This 
is seemingly impossible to avoid, but it can be limited through 
conservatism and judgment in the use of the primary radiation. 
In dentistry secondary gonadal irradiation to a specific patient 
is small. However, dental x-radiation is made available to 
many patients through the use of over 95,000 dental x-ray 
machines in the United States. Thus, dentistry delivers small 
doses of gonadal radiation to large numbers of the population. 
Genetically speaking, the effect on future generations will 
probably be the same regardless of whether large doses of 
gonadal radiation are delivered to a few, or an aggregate of 
small doses totaling the large dose is delivered to a large 
percentage of the population. Naturally, the population referred 
to here is that segment of the total population having repro- 
ductive potentials. The disadvantage of this minute exposure 
to the individual patient is offset by the great health value of 
diagnostic films, but, as has been emphasized before, every 
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effort should be made to keep the total gonadal radiation to 
a minimum. 

There are, however, one or two rather common procedures 
used in dental clinics and offices which do add materially to 
patients’ secondary radiation dose and occasionally to patients’ 
primary radiation dose. The examples to follow are cited for 
their own importance and also to point out that users of radi- 
ation must continually think about what they are doing. The 
average dental practitioner is not a specialist in the use of 
x-radiation; the possibility of dangerous radiation usage is not 
uppermost in his mind. But since he is using a potentially 
dangerous instrument, he must know and think about what he 
is doing. If he does not, the dentist’s privilege of using radiation 
may be questioned, and legislation may be devised to place 
radiation usage in the hands of persons who have demonstrated 
their competence. 

In dentistry there is an occasional need to examine the hand 
and the wrist roentgenographically for purposes of growth 
determinations. This examination should be done by placing 
the hand on a suitable table which is adequately protected with 
a barrier material between the table and the patient. The arm 
should be on the table in an extended fashion in order that the 
table and the primary radiation are located as far from the 
reproductive tissues and the remainder of the body as possible. 
Frequently, however, one finds the patient seated in an upright 
position with his hand placed on a table directly in front of him 
and his legs under the table. This permits close approximation 
of the secondary radiation source and the reproductive organs, 
and, if the beam is not properly collimated, it may permit ex- 
posure of the reproductive cells by primary radiation. Under 
the circumstances just described and with the use of kilovoltages 
appropriate in dentistry, a wooden table would produce more 
secondary radiation than a metal table because the steel in a 
metal table would absorb most of the radiation striking it. Fig. 
30 illustrates the foregoing remarks. 

A further example of a similar situation exists when views 
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of the paranasal sinuses are taken in the dental office. Here 
again the patient is ordinarily seated in an upright position, and 
his head is placed down onto a cassette located on a table top 
immediately in front of him. The rays are directed downward 
at approximately right angles to the floor. Obviously, this again 
places the patient’s reproductive organs, particularly in the 
case of a male, in relatively close approximation to sources of 
both primary and secondary radiation. (Observations just made 
pertaining to a steel table versus a wooden table also apply.) 
It is ordinarily not practical in a dental office to place the 
patient in a prone position, but it is entirely possible for the 
patient to sit in an upright position with the film placed 
vertically in front of the face in a suitable wall type cassette 
holder. Although it is not the purpose of this text to discuss the 
advisability of dentists to make sinus films routinely, it should 
be pointed out that the dentist can render medical colleagues 
an extremely valuable technical service if he were willing to 
produce such films. This is especially true in rural areas where 
hospital facilities are not readily available. Furthermore, sinus 
views are sometimes necessary as an adjunct to oral diagnosis. 
Excellent sinus films can be made using dental x-ray machines. 
Fig. 31 demonstrates both poor and proper techniques for 
making sinus exposures. 


Secondary Radiation and the Operator 


Dangers from secondary radiation are important to the 
operator and his assistant. The amount of secondary radiation 
to which the operator is subjected is inversely proportional to 
approximately the square of the distance which the operator 
stands from the patient. This statement is based on the inverse 
square law which has been discussed at some length in Chapter 
3 in the discussion on Associated Calculations and is further 
amplified in Chapter 6 in the consideration of Distance and the 
Prevention of Radiation Injury (see also Fig. 41). 

One of the most consistent situations contributing to the 
accumulation of secondary radiation is the tendency of the 
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operator or his assistant to steady the tube head when making 
an exposure. This is ordinarily done by placing the hand on 
some portion of the tube head or arm, but it is occasionally 
accomplished by steadying the cone itself. Needless to say, the 
operator must be very close to the source of secondary radiation 
if this purpose is to be accomplished. Such procedures are 
entirely contraindicated. The tube housing must not move since 
this will result in a film which lacks definition; but the lack of 
movement should be accomplished through proper balance of 
the tube head and arm rather than through stabilization during 
exposure. Modern dental x-ray machines are so constructed 
that service personnel can effectively accomplish this balancing. 

Another serious cause for excessive exposure by secondary 
radiation is the operator’s tendency to stand too close to the 
patient. This may be done through ignorance of the dangers, 
but more often it is forgetfulness or simply a lack of conviction 
about the potential dangers of secondary radiation.** The 
matter of film holding was discussed earlier in this chapter and 
was contraindicated. It is pertinent to compare the care ex- 
ercised by the medical radiologist or x-ray technician with that 
used by the dentist. In the latter case, the dentist stands in a 
relatively close position to the source of secondary radiation. 
In the former instance, the patient is left lying on a table, and 
the technician walks several feet away and burys himself be- 
hind a substantial barrier of lead or lead equivalent. It is true 
that the scattered radiation coming from the medical patient 
and the metal table is considerably greater than that emanating 
from the patient’s head during dental procedures, but the 
actual quality and quantity of exposure (roentgens in air) 
used in making a film, for example, of a gallbladder is about 
identical with that used for taking a film of a lower molar. 
The number of exposures made by a busy medical x-ray 
technologist may exceed that in a busy dental office, but not by 
so large a number as might be expected. If, for example, three 
complete mouth x-ray surveys are made in the course of 
a day, a total exposure of some 40 to 70 films are made. The 
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average medical x-ray technician probably does not exceed this 
number daily. 


CONSTRUCTION OF 
BARRIERS IN THE DENTAL OFFICE 


It ts certainly important for the dentist to stand at least 5 to 6 
feet from a patient when making an exposure. The size of many 
dental facilities precludes this possibility, and the precaution 1s 
frequently not taken. If the dentist and his assistant cannot 
stand at least 5 to 6 feet from the patient, provision should be 
made for installing a barrier behind which they can stand. This 
can be done in a number of ways. Usually the easiest pro- 
cedure is to place a strip of lead, 4 feet wide and 4¢ inch 
thick (4 lb. per square foot plumbers’ sheet lead), on the wall 
next to the doorway of the x-ray room. The lead should extend 
from the floor to a height of 8 feet or ceiling height. The timer 
cord can be suitably lengthened, and the timer can be fixed 
permanently on the other side of the wall from the lead barrier 
and the x-ray machine. The operator is forced by the location 
of the timer to stand behind the lead barrier when making 
exposures. He is protected by the lead and the thickness of the 
wall. If the barrier material is installed in the same room with 
the x-ray machine, it is important that it run completely to the 
floor so that the operator’s toes may not extend out under the 
protective screen, and that a cover or roof be included if the 
barrier material does not go to the ceiling. A curved barrier, 
as opposed to a flat surface, is superior because it tends to 
encircle the operator and to give added protection. Fig. 32 
diagrammatically illustrates the location of barriers as suggested 
in the preceding paragraphs. Note the leaded glass window 
for observation of patients. 

Table 3 specifies the protection needed in dental offices 
under various circumstances. Occupancy factor gives an in- 
dication of what is meant by full, partial, and occasional oc- 
cupancy and defines T in the table on protection requirements. 
Work load (W) used in the protection requirement table is 
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Fig. 32. Barrier design for dental offices. The location of the door is 
oe important. The method shown is applicable regardless of placement 
of door. 


defined as the working activity of the machine measured in 
milliampere minutes per week and the use factor (U) in the 
table is the fraction of the work load during which the useful 
beam is pointed in the direction under consideration. When a 
barrier for the protection of the operator is being designed the 
work load should be estimated at a maximum, the use factor 
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should be considered 1, and the occupancy factor 1 (full oc- 
cupancy). 

The principle of using barrier materials for attenuating pri- 
mary and secondary radiation has been discussed earlier; it is 
essentially a matter of absorption of radiant energy in a ma- 
terial of high atomic number. There are numerous elements 
other than lead which could be used to accomplish this purpose, 
but their cost or manipulability makes the use of some of these 
prohibitive. 

Unfortunately, secondary radiation, or primary radiation for 
that matter, cannot be observed, and its effect on living tissues 
is often delayed over a latent period of many years. The user 
of x-radiation is easily lulled into a false sense of security. 
Furthermore, he is often skeptical about the warnings of the 
radiobiologist because of the latter’s admitted ignorance in 
some areas and the frequent revisions in regulatory suggestions. 
However, if all users of dental x-ray machines could have the 
opportunity of listening to the violent clickings of a Geiger- 
Mueller counter when it is installed in a dental x-ray room, 
they would be somewhat less callous in their attitude. Care is 
sO easy to exercise and costs little or nothing. Even if precau- 
tions are eventually proved to be unnecessary, nothing has been 
lost through caution. The opposite is certainly not true; care- 
lessness, ignorance, stupidity, and neglect could easily result in 
irreversible biologic consequences of a dire nature. 

Many of the remaining pages of this text are devoted to 
means for reducing primary radiation to the patient. It must 
be remembered that reduction in the patient’s primary radi- 
ation will ordinarily also reduce the amount of secondary radi- 
ation reaching the operator—secondary radiation is produced 
only when the x-ray machine is functioning. 


Chapter 6 
METHODS OF REDUCING RADIATION INJURY 


In essence, this entire text is dedicated to warning users of 
radiation about the potential dangers of x-rays and to sug- 
gesting procedures which can be used in reducing the amount 
of x-radiation reaching the patient and the operator. 

We are now ready to discuss the very practical methods by 
which the practitioner can reduce to an absolute minimum the 
primary radiation received by his patient. Each dentist has a 
responsibility of the highest degree to use the suggestions which 
follow; in so doing he will also reduce the radiation to which he 
and his assistant are subjected. One recommendation which 
will not be made is that of reducing the number of necessary 
diagnostic films. Dangers from properly used x-radiation are 
definitely not of a magnitude to warrant the exclusion of the 
valuable diagnostic information that can be obtained only by 
roentgenographic means. The suggested methods to follow are 
not arranged in order of importance. All of the suggested 
methods will be employed by the conscientious dental prac- 
titioner. 


THE EFFECT OF FILTRATION 


As was pointed out earlier in this text, the radiation pro- 
duced by the dental x-ray machine is of a heterogeneous na- 
ture (see Fig. 11). This means that the x-ray wave lengths 
vary from a minimally short wave length (this is determined 
by the kilovoltage peak) to wave lengths which are relatively 
long. For example, the minimally short wave length created 
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by 90 kvp is approximately 0.13 A; 70 kvp produces a min- 
imally short wave length of 0.17 A, whereas 30 kvp, if used, 
would produce a minimally short wave length of approximately 
0.40 A. Wave lengths longer than approximately 0.23 A have 
difficulty penetrating tissues in excess of 1 inch in thickness 
and require proportionately more milliampere seconds for film 
exposure. This wave length is selected arbitrarily, but it 1s 
realistic. Naturally, penetrability varies with the atomic and 
molecular structures of the tissues involved. It becomes ob- 
vious (this may be observed graphically in Figs. 11 and 33) 
that there is a greater intensity (energy per unit of time) of 
radiation capable of penetrating tissue at 90 kvp, for example, 
than at 60 kvp. 

There is no purpose in exposing skin tissues to radiation 
which has little or no prospect of reaching and exposing the 
film. For this reason, suitable material which has the ability 
to absorb the long wave length radiation before it reaches the 
skin should be inserted in the path of the primary beam as it 
emerges from the x-ray tube housing. The vertical broken line 
in Fig. 33 suggests the effect of filtering—the elimination of 
wave lengths longer than 0.23 A. The selection of a proper 
material for filtration depends on the purpose desired and on 
the quality of the radiation used. Commercially pure aluminum 
has suitable properties for absorbing unusable radiation pro- 
duced by dental x-ray machines. Emphasis is placed on the 
necessity for using nothing less well refined than commercially 
pure aluminum; alloys of aluminum with other elements of a 
higher atomic number will not prove satisfactory.* 

Recent literature has shown other uses for filters in dental 
roentgenology. For purposes of clarification, it is important 
that this be discussed briefly.*® High kilovoltage, in the vicinity 
of 90 kvp, is being used increasingly in dentistry. The reason 





*Aluminum in sheet form for cooking purposes, available in stores, 
is perfectly satisfactory as long as it is smooth (not rippled) and labeled 
pure or commercially pure aluminum. 
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(ENERGY PER 
UNIT OF TIME) 
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ANGSTROM UNITS* 


3 


7 WAVE LENGTHS LONGER THAN APPROXI 

§ MATELY .23 ANGSTROM UNITS HAVE 
DIFFICULTY PENETRATING TISSUES IN 
EXCESS OF ONE INCH. 


*Wave length in Angstrom units = 12.4 + kilovoltage peak. 


Fig. 33. Role of filtration in the use of x-radiation. This graph dem- 
onstrates several important facts in addition to those shown earlier in 
a similar graph: (1) At a given kilovoltage peak there is a mini- 
mally short wave length produced; all other wave lengths in this 
heterogenous band are longer (less penetrating). (2) The intensity of 
the radiation increases as the wave length decreases. (3) There is a 
minimally long wave length beyond which the rays are noneffective 
since they are unable to readily penetrate substantial amounts of tissue. 
(4) The area below each of the curves represents 100% of the radia- 
tion produced at the kilovoltage indicated. (5) The ratio of usable 
radiation (i.e., radiation which can easily penetrate tissue) to nonusable 
radiation increases as the kilovoltage increases. (6) At the point where 
wave lengths are ineffective (too long), a filter material should be 
inserted to attenuate the longer wave length radiation (vertical broken 
line). 


for this will be discussed later in this text. But, some of the 
advantages of the higher kilovoltage technique can be obtained 
by equipping conventional dental x-ray machines with a copper 
filter, which is followed by an aluminum filter. The aluminum 
is used to filter the secondary radiation emanating from the 
copper. The purpose of the copper is to permit only a rela- 
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tively narrow band of short wave length radiation to emerge 
from x-ray machines which are operated in a kilovoltage range 
of from 60 to 70 kvp. An increase in milliampere seconds is 
needed to compensate for the increased filtration (Fig. 34). 
Thus, on a percentage basis, a large number of minimally 
short wave lengths are used to the exclusion of somewhat 
longer wave lengths. This technique does not permit the same 
degree of penetration as do higher kilovoltages, but on a basis 
of the percentage of each wave length it tends to approximate 
the higher kilovoltage procedure. This is mentioned here for 
purpose of clarification and to emphasize that this ts not the 
usual use of filtration. 

Let us now discuss the usual use of filtration. When the total 
filtration, which combines added external filtration with the 
inherent filtration built into the x-ray tube, exceeds a certain 
point, the amount of radiation that can reach the film is di- 
minished. This amount can be determined by keeping all other 


INTENSITY 


70 KVP 
17 ANGSTROM UNITS -"-- WAVE LENGTH 


Fig. 34. Copper and aluminum filtration in dental roentgenology. 
Graph shows typical curve of radiation produced at 70 kvp. Broken 
line, the level at which copper filters the radiation; solid line, level of 
ordinary aluminum filtration; shaded area, radiation used when copper 
aluminum filtration is added. This makes use of a narrow band of radi- 
ation consisting of the shorter wave length radiation included in the 
70-kvp spectrum. 
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Table 4. Inherent Filtration Data* 


Equivalent Inherent 
Filtration 
Name of X-Ray Machine (mm. Al) 


General Electric 
CDX Models E, 70 and 90 
Ritter 
Models B and Dual-X 
Model E (Century) 
Universal 
Weber 
Raydex 
Westinghouse 
X.R.M. 
Models 2 and 3 (before 1956) 
Models 2 and 3 (since 1956) 
Model 90 
Fisher (open and closed tube) 
Philips Oralix 
Prof-Ex-Ray 
Ritter Models A, C, and D 
Victor 
Weber (to Model 11) 0.50 
Weber Model 12 0.50 ?F 


A sufficient thickness of aluminum should be added to each machine to 
bring the thickness to 2.25 mm. 
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*First part of table taken from Richards, A. G., and others: X-Ray 
Protection in the Dental Office, J. A. D. A. 56: 514-521, 1958; second 
part of table taken from Barr, J. H., and Brockman, M. K.: Radiation 
Dosage in Dental Offices, Oral Surg. 13: 696-709, 1960. 


tAuthor apparently unable to confirm these findings (A. H. W.). 


amount of commercially pure aluminum should be added ex- 
ternally in order to bring the total filtration to 2.25 mm. of 
aluminum. 


A test for proper and excessive filtrations can be made read- 
ily. Fig. 35 demonstrates a series of seven films taken of the 
same maxillary molar area. A phantom skull was used, and 
these films were exposed under constant conditions except 
that A was exposed without the pointed plastic cone in place 
(1.e., inherent filtration only); B was produced with the pointed 
plastic cone in place; and C’ to G were exposed without the 
plastic cone, but with the addition of 0.5, 1, 1.5, 2, and 2.5 mm. 
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Table 5 
Mr Film | 
Filtration Reading | Density Exposure Factors 
Without added filtra- Phantom skull used 
tion 185 2ee Machine, Weber, Model 6R 
. 65 kvp, 10 ma 
Plastic cone 115 1.7 If sec. exposure time 
0°S'mun added Tae, aaewon 0.5 
; . : 
aluminum IIs 1.6 Kodak ultraspeed film 
1.0 mm. added Ionization chamber-target 
aluminum* 85 1.4 distance 20 in. 
Film-target distance 22 in. 
1.5 mm. added 
aluminum* 65 1.2 
2.0 mm. added 
aluminum* 55 1.15 
2.5 mm. added 
aluminum* 45 1.0 


*Plastic cone was not used. 


of aluminum respectively. The factors used in this study and 
the results are listed in Table 5. 

The milliroentgen readings were made at the skin surface 
during film exposure. Film density readings were taken from 
the space between the maxillary molar and bicuspid teeth. 

It will be observed that B and C show a very similar film 
density, which suggests that the filtering effect of the particu- 
Jar cone used was equivalent to approximately 0.5 mm. of 
aluminum. As additional 0.5 mm. thicknesses of aluminum 
are added (D through G), the film density shows a moderate 
decrease. The decrease in output resulting from the added 
filtration is, however, material. In this regard, Richards® ob- 
serves that measurements of radiation output with various 
filtration thicknesses indicate that the greatest reduction of the 
rate of output is accomplished with the addition of 1 or 2 mm. 
of aluminum. Greater amounts of added filter produce an 
effect which is progressively less on the output of the x-ray 
machine. The thicker filters also seriously decrease the con- 
trast of the roentgenogram and require excessively long ex- 
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Table 6 
| External or Added Relative Exposure 
Inherent Filtration Filtration Factors 
0.5 mm. Al None 1.000 
0.5 mm. Al 1.75 mm. Al 1.425 
2.25 mm. Al None 1.425 
0.5 mm. Al 0.35 mm. Cu and 5.1 
0.5 mm. Al 


posure times. He further provides useful conversion factors 
for exposure times when additional filtration is added. The 
recommended values are based on an experiment done at 
65 kvp (Table 6). 

Using an inherent filtration of 0.5 mm. of aluminum as a 
base, one could add filtration as needed (Table 4) up to a 
total of 2.25 mm. of aluminum in accordance with the data 
in the middle column (Table 6, External or Added Filtration) 
and multiply the present exposure by the factors given in the 
third column to get the proper new exposure values with the 
added filtration. 

In Fig. 35, the roentgen exposure measured at the skin varied 
in A through G from 185, 115, 115, 85, 65, 55, and 45 mr, re- 
spectively. All of the films were within a range of diagnostic 
usability although, if Z, F, and G had been a little darker, they 
might have been more diagnostically significant. This experi- 
ment demonstrates that the difference in milliroentgen output 
between 185 and 85 (namely, 100 mr) had little or no ability 
to penetrate the tissues and expose the dental film. Yet this 
excessive and unusable radiation has ionizing potentials in the 
tissue to the degree that it can penetrate the tissue. Obviously, 
this needless radiation should be eliminated. The aluminum 
filter acts as a kind of screening device which permits only 
usable radiation to emerge through it. 

Aluminum filters may be purchased from dental supply 
houses, but the most inexpensive and practical approach for 
the dental practitioner is to purchase a small sheet of com- 
mercially pure aluminum 0.5 mm. thick. The aluminum filter 
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disks should be fixed between the removable cone and the 
source of radiation. These filters can easily be cut in a circular 
fashion from the sheet and fitted to the inside of either the 
short pointed cone or the open-ended plastic cone at the place 
where the cone screws onto the tube head. These are inserted 
with the lead diaphragm, which will be discussed in paragraphs 
to follow. . 


COLLIMATION OF X-RAY BEAMS 


Collimation may be defined as a technique or mechanism 
for reducing the spread of the bundle of radiation to a pre- 
determined diameter at a predetermined focal spot-film dis- 
tance. X-radiation produced by the stream of electrons striking 
the tungsten target inside the x-ray tube is scattered across the 
surface of the target in a range of 180 degrees. Only a small 
portion of this radiation emerges since the tube is housed in 
an encasement of lead with a small opening through which 
the rays may escape. The size of the opening varies in different 
machines (Fig. 36). (Rays escaping through any other point 
in the tube housing are spoken of as leakage radiation.) These 
rays (the useful beam) which emerge through the prepared 
opening diverge at various angles from the middle ray, which 
is commonly called the central ray. The spread of these rays, 
at a distance of approximately 8 inches from the target or 
source of radiation, will vary between different machines. On 
the average it covers a circular area having a diameter of 3.9 
to 4 inches. In some instances the diameter approaches 9 


Fig. 36. X-ray tube housing and collimation of the x-ray beam. 
X-rays produced at the anode are partially absorbed by the glass of 
the tube and fully attenuated by the lead tube housing. Only those rays 
which are destined to expose film are released through a ground area 
in the glass and an opening in the tube housing. Ordinarily, the tube 
housing is larger than needed, and the beam should be further col- 
limated by the use of a lead diaphragm. The full beam diameter at an 
8-inch distance and the beam diameter properly collimated are shown. 
The uncollimated beam has an approximate area of 12 sq. in. which 
may be compared to the collimated beam of approximately 6 sq. in. 
(area = 7 r?2). 
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inches. Thus, a circular area measuring as much as 19.6 square 
inches of skin (based on a diameter of 5 inches) may be ex- 
posed when an ordinary periapical film is made. Figs. 27 and 
28 depict how the primary x-ray beam may vary in diameter. 
Lack of proper collimation increases the exposure of the pa- 
tient and the probability of unnecessary radiation to the op- 
erator. 

The largest periapical film commonly used in dental roent- 
genography other than the occlusal film measures 1%4 x 154% 
inches (less than 2.25 square inches) with a diagonal measure- 
ment of 2 inches. Obviously, it is not necessary to utilize a 





Fig. 37. Reduction of tissue surface radiation through collimation of 
the x-ray beam. Area of outer circle equals 12.5 sq. in.; area of inner 
circle equals 6 sq. in.; saving in skin surface covered equals 6.5 sq. in.; 
area of film equals 2 sq. in. 
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buckshot method to expose this film, and recommendations 
have recently been made for the reduction of the circular area 
at the end of the cone to a maximum diameter of 234 inches 
(approximately 6 square inches); this still leaves a margin for 
error of 34 inch on either side of the widest dimension of the 
intraoral film after collimation. This mechanism of reducing the 
diameter of the x-ray beam from approximately 4 to 2.75 
inches reduces the area exposed by approximately 6.5 square 
inches, a reduction in tissue exposure of over 50% (Fig. 37). 
If the original diameter of the beam is 5 inches, a reduction 
to a diameter of 2.75 inches decreases the surface radiated by 
approximately 69%. 


Biologic Effect of Collimation 


The effect of diaphragming, contrary to popular opinion, 
does not cut down the total amount of primary radiation 
reaching the film. Rather, it eliminates entirely the peripheral 
radiation which strikes the skin and the deeper tissues but 
‘which cannot strike the film because the film size is smaller 
than the bundle of radiation. Reduction in the exposure of 
peripheral tissues has three desirable effects. (1) Whereas the 
total primary radiation exposure to the tissues directly over 
the film is not reduced, the primary radiation striking the more 
peripheral tissues is eliminated completely. Thus, the total in- 
sult to the more central tissues is materially reduced by a 
factor equal to the secondary radiation which otherwise would 
have found its way from the peripheral tissues to the more 
central structures. (2) The secondary radiation from peripheral 
tissues which would otherwise have reached the film is not 
produced. Thus, secondary radiation film fog is reduced, and 
a more satisfactory roentgenogram results. (3) The amount 
of scatter to other tissues, such as the gonads of the patient, 
and to the operator is reduced. Fig. 38 demonstrates secondary 
radiation from the peripheral area, B, which causes additional 
radiation to the tissue being examined, A, and radiation film fog 
to the diagnostic film area, C. 
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Fig. 38. Reduction of secondary radiation through collimation of the 
x-ray beam. A, Tissue to be examined; B, tissue peripheral to area to be 
examined; C, diagnostic film area. Double-shaded beam of radiation 
exposes only the tissue to be examined. Single-shaded beam exposes the 


peripheral area unnecessarily and contributes additional secondary radi- 
ation to region C. (Wavy arrows indicate secondary radiation. ) 


Preparation of Diaphragms 


Collimation in dentistry is accomplished by the use of a 
lead disk in the exact center of which is a hole of appropriate 
size. The outside diameter of the disk should be identical with 
the outside diameter of the aluminum filter. It is ordinarily 
fitted inside the removable cone at the same level as the filter. 
The inside diameter of the disk, namely, the diameter of the 
hole or aperture in the disk, will vary with different machines 
because of variable distances between the lead disk (or dia- 
phragm) and the source of radiation. Diaphragms designed to 
produce a circle or bundle of radiation measuring 2.75 inches 
at the end of the cone can be purchased from dental supply 
dealers or can be made inexpensively by the dentist. Ordinarily, 
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lead with a thickness of 14g inch (4 lb. plumbers’ sheet lead, 
i.e., 4 lb. per square foot) is suggested as adequate for this 
purpose, but recent thinking suggests the advisability of in- 
creasing this to a thickness of approximately ' inch. Such 
lead can be purchased at any plumbing shop, and two 4¢ inch 
thicknesses is quite as satisfactory as one thickness of 4 inch. 

The following description, as well as the data in Fig. 39, 
will acquaint the reader with the method for producing various 
sized diaphragms (1.e., various sized openings) to be used as 
needed at varying target-skin distances. 

1. A disk with a suitable outside diameter is cut and is fitted 
into the x-ray machine at the base of the removable cone. 

2. A small hole (for example, 34 inch in diameter) is cut 
in the exact center of the lead disk, and the disk is again in- 
serted into the x-ray machine by screwing on the plastic cone. 

3. With the x-ray head placed above the film in such a 
manner that the distance between the diaphragm and film 1s 
known, an exposure of approximately 1 sec. is made with intra- 
oral films arranged in the form of a cross or with an extraoral 
film preferably 8 x 10 inches in dimension. The film is proc- 
essed, and the diameter of the resulting exposure area is 
measured. 

4. By means of simple plotting, parallel lines (Kz and Ky) 
may be drawn on an ordinary piece of paper to represent the 
diameter of the exposed surface of the film and the diameter of 
the hole in the diaphragm appropriately centered over one an- 
other and at a distance apart equal to the distance between the 
diaphragm and the film when the exposure was made (K,). If 
lines are drawn from the extreme ends of the exposed area and 
the hole, they will converge at a point which represents the 
radiation source. 

5. It 1s now possible to measure the distance from the source 
of radiation to the diaphragm, and this should be done. 

6. Another plot is now made, starting with a point source 
for the radiation and dropping a line to the level of the dia- 
phragm. (At this time the size of the hole in the new dia- 


ALIGN TUBE HEAD (COMPLETE WITH DIAPHRAGM OF KNOWN 
APERTURE SIZE) AND FILM AS IN DIAGRAM. 


DIAPHRAGM -- SIZE OF OPENING IS KNOWN 


DISTANCE FROM DIAPHRAGM TO FILM IS KNOWN BY 
PREARRANGEMENT 


FILM -~- AN EXTRAORAL FILM (1.E., 5X7 OR 8X10) CAN BE 


USED, OR A SERIES OF INTRAORAL FILMS ARRANGED 
IN THE FORM OF A CROSS CAN BE EMPLOYED. 


THE DIAMETER OF THE EXPOSED 
AREA CAN BE MEASURED. 





i \ K« KNOWN MEASUREMENTS 
K, » SIZE OF HOLE IN DIAPHRAGM 


K2 « DISTANCE OF DIAPHRAGM TO FILM 
K, = DIAMETER OF EXPOSED AREA 


CENTER MIDPOINTS OF K, AND K, AND PROJECT 
LINES FROM THE EXTREMES OF THE DIAPHRAGM 
AND EXPOSED AREA UNTIL THEY CONVERGE. 
THIS IS THE FOCAL SPOT ON THE TUBE TARGET. 
MEASURE DISTANCE 'X' WHICH IS THE DISTANCE 
FROM THE DIAPHRAGM TO THE FOCAL SPOT. 


PLOT ACCORDING TO SCALE: 
: FOCAL SPOT 


K2 











KNOWN FOCAL SPOT TO DIAPHRAGM 
DISTANCE 


PLANE OF DIAPHRAGM 


CENTRAL RAY 


DESIRED FOCAL SPOT TO FILM 
DISTANCE 


DESIRED SURFACE AREA COVERAGE ON FILM 


Fig. 39. For legend see opposite page. 
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phragm is not known.) The line from the x-ray source to the 
center of the hole in the diaphragm (this represents the central 
ray) 1s now continued further to a point which represents the 
required distance from the focal spot to the x-ray film for the 
technique desired. (The expression “technique desired” im- 
plies that one distance, for example, might be used for the 
lateral jaw technique, whereas another distance might be used 
for the conventional 8-inch technique. Also, the dentist may 
choose to use an intraoral procedure which would necessitate 
the use of a 16- to 20-inch target-film distance. Varying sized 
apertures or holes in the diaphragms will be needed for the 
different techniques.) At this point a line is drawn perpendicu- 
lar to the central ray. This line will represent the film and 
should be parallel with the line representing the lead diaphragm. 

7. A plot is made on the line representing the film on both 
sides of the central ray. The total length of the line is the 
diameter of the area to be covered. For intraoral films, this 
should be no more than 234 inches. For extraoral lateral 
jaw films, a film surface exposure area having a diameter of 
approximately 4 inches is ordinarily employed. 

8. After the extremes of the exposed area on the film are 
determined, lines are drawn from these extremes through the 
line representing the lead diaphragm so that they converge at 
the point of radiation source. 

9. By the simple mechanism of measuring the distance be- 
tween these converging lines at the level of the diaphragm, one 
is able to determine the correct size of the aperture. This hole 
should be made in the exact center of the diaphragm to prevent 
the x-ray beam from emerging off center. 

At first reading this procedure may appear difficult, but in 
reality it is extremely simple and will result in several dollars 


Fig. 39. Fabrication of a lead diaphragm to collimate an x-ray beam. 
A method for determining the size of the diaphragm aperture for vari- 
able film surface coverages and focal spot-film distances is illustrated. 
See text for detailed instructions. 
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saved over the purchase of an identical commercially produced 
disk. It also makes available to the dentist an assortment of 
diaphragms for all roentgenographic needs. 

In medicine, collimation is also done through the use of 
metal cones of various diameters and collimators with adjustable 
apertures. These are neither necessary nor practical in den- 
tistry. Mention is made of this only to bring to the reader’s 
attention the fact that the open-ended plastic cones, which are 
becoming more and more popular (especially with users of the 
long cone paralleling procedure), are nothing more than dis- 
tance and direction finders and do not in any way restrict the 
spread of radiation. 


Cone Cutting 


Gross cone cutting is illustrated in Fig. 40 and may be de- 
fined as an unexposed portion of a film which results from the 
operator’s failure to center the central ray properly at a point 
close to the center of the film. The old procedure of distributing 
radiation over a considerable area of the face resulted in little 
or no need for care in directing the rays accurately. The col- 
limation which has been recommended narrows the beam and 
requires considerably more attention to details. However, as 
was previously commented, a margin of error on either side 
of the film of 3% inch still exists, and anyone with reasonable 
competency should be able to cover the film completely with 
radiation and avoid cone cutting. Incidentally, this attention 
to detail will improve the quality of the resulting roentgeno- 
gram. A considerably lesser degree of cone cutting is shown in 
exactly the same area on the two films in Fig. 43 (top left 
corner). This may be coincidental, or it may be due to an off- 
centered hole in the diaphragm or to malpositioning of the 
x-ray tube within the tube housing. Tube displacement (shift- 
ing) can be determined by centering the x-ray cone on a marked 
spot on an extraoral film (marked with a small roentgen- 
opaque mass, 1.e., lead) and making an exposure. The round 
exposed area should show the clear mark of the small roentgen- 


That dows sot. 
nin throt 


aya 


We Snel) 


: | ‘vollimate radiation ee “Th 





146 Radiation Protection and Dentistry 


decreases according to the inverse square law, and, unless the 
quality or quantity of radiation is increased, the density of the 
film will decrease as the square of the distance is increased. 
Therefore, in order to maintain density, one must use a faster 
film or increase either the mulliamperage, the seconds of ex- 
posure, or the kilovoltage peak in a suitable ratio to the change 
in the square of the distance. The patient’s skin receives some 
reduction in irradiation on the basis of the inverse square law. 
This can be illustrated best through the use of simple arith- 
metic. Let us assume two target (focal spot)-film distances of 
8 and 16 inches. The skin-film distance remains constant 
at approximately 1 to 2 inches, depending on the intraoral 
technique used. If a skin-film distance of 2 inches exists, the 
target-skin distance varies from 6 to 14 inches. In order to 
produce a constant film density, the exposures will have to 
vary by a factor of 1 to 4 (based on the inverse square law). 
With the 8-inch total distance, the skin irradiation will be 


Ix OL or 14, of the starting intensity. At the 16-inch total 


distance, the skin will receive 4 x or 4p of the starting 


1 
(14)? 
intensity. The starting intensities of radiation (1.e., at the tar- 
get), based on the variation in the distances, are equal. This 
illustration considers only irradiation of the skin. As distances 
are increased, the amount of radiation reaching the deeper 
tissues becomes greater, and the backscatter from the deeper 
tissues is increased. 


It is important to explain and have thoroughly understood 
the effect of distance on persons other than the patient. An 
analogy can probably be successfully made between radiation 
and a spray of water coming out of a shower nozzle as long as 
one envisions the water particles traveling in straight divergent 
lines and not tending to fall downward in parallel lines be- 
cause of gravity. If these water particles travel from the 
nozzle in divergent but straight lines, and if the hand is held 
2 or 3 inches from the nozzle, the surface of the hand becomes 
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wet immediately. However, as the hand is taken farther and 
farther from the nozzle, momentary insertion of the hand at 
perhaps 4 feet leaves certain areas of the palm dry. The same 
amount of water must cover an increasing surface area. If this 
distance is increased to perhaps 100 feet, and if the spray con- 
tinues to diverge, a person standing under the shower would 
probably receive only an occasional drop since the original 
source of water would be covering a vast area. Exactly the 
same situation exists with radiation. Fig. 41 demonstrates the 
spread of radiation from a point source, P, over distances of 8, 
16, and 32 inches and 5 feet. The latter is the recommended 
minimum distance that the operator should stand from the 
patient. It will be noted that the angle at P on either side of 
the center line (representing the central ray) is a common and 
therefore constant angle for the ray diversions, regardless of 
distance. It will also be noted that the middle line or central ray 
strikes the center of each circle at the same angle—namely, 90 
degrees. Thus, at all three levels there exists a common side to 
each of the four triangles (the central ray), and the angles at 
the extremes of this common line are equal in all four tri- 
angles. If a simple geometric theorem or either of its corollaries* 
is used, it is easy to show that these triangles are similar. Simi- 
lar triangles are defined as triangles whose corresponding angles 
are equal and whose corresponding sides are in proportion. 
Thus, since the distance from the first circle to the second 
circle doubles, the radius of the second circle will be twice that 
of the first. Therefore, since the difference between the distance 
from P to the third circle is four times that of the distance from 
P to the first circle, the radius of this circle will vary by a fac- 
tor of 4. If one now applies the formula that states the area of 
a circle to be equal to zr?, one will see that since 7 remains 


*Theorem: Two triangles are similar if they are mutually equiangu- 
lar. Corollary I, two triangles are similar if they have two angles of the 
first triangle equal respectively to two angles of the second triangle; 
Corollary II, two right triangles are similar if an acute angle of the 
first is equal to an acute angle of the second. 
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a constant the area of the circles will vary as the square of the 
radii. Thus, radiation emanating from point P crowds into the 
first circle, spreads out over the second circle so that it covers 
four times the surface area, and spreads out over the third 


60" 


X-RAY SOURCE 





Fig. 41. The effect of distance in reducing the strength of x-radia- 
tion. The same radiation is distributed over ever-widening surface areas 
as the distance is increased. Areas of circles shown vary as follows: 


1:4:16:56. 
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circle to the extent that it covers sixteen times the surface area. 
This can be restated by saying that a person standing at any 
given point in the third circle would receive only one-sixteenth 
as much radiation as he would receive if he were standing at 
a similar point in the first circle. This reasoning applies at 5 
feet and at all increased distances and graphically demonstrates 
the effect of distance on radiation in so far as the operator and 
his assistant are concerned. 


Position of Operator When Exposing Film 


The previous discussion has dealt with the diminishing effects 
of radiation as distances are increased. Also of significance 1s 
the position that the operator takes when exposing the dental 
film. At constant distances from the patient the dentist and/or 
his assistant can reduce the secondary radiation he receives 
by a factor from 1.4 to 4.8 by merely standing in the proper 
position in relation to the patient. When this factor is used, it is 
presumed that the operator is not standing in the primary beam, 
nor is he protected by a barrier material (the extremes are ruled 
out). Richards,®° whose diagrams are shown in Fig. 42, A to D, 
has studied this subject exhaustively. In summary, when the rays 
are being directed toward the side of the face, it is preferable 
to stand either at right angles to the x-ray beam and behind 
the patient’s head, at an angle of 135 degrees to the beam and 
behind the head, or behind the head of the x-ray machine. The 
positions are stated in the order of preference. When the rays 
are being directed to the front of the face, the order of prefer- 
ence varies, depending on the kilovoltage. With lower kilo- 
voltages, the position behind the head of the x-ray machine is 
the safest. A station at right angles to the x-ray beam is the 
most appropriate when high kilovoltages are used. This second 
position is the second most safe position when lower kilovoltages 
are being used. In the range of 90 kvp, a position 135 degrees 
from the line of the x-ray beam on either side of the head is 
a second choice, whereas a point directly behind the x-ray head 
is the third choice. 
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After Richards’ material®°° was published, personal cor- 
respondence and conversation with me suggested the need for 
amplification. The following statements by Richards are in- 
cluded as a supplement. “Recent research with lead-walled 
pinhole cameras has indicated that the pointed plastic cone of 
the x-ray machine and that portion of the patient’s face which 
is irradiated by the primary x-ray beam are two sources of the 
scattered secondary radiation that expose the dentist. Neither 
of these two sources of radiation will register on a roent- 
genmeter located at the level of the occlusal plane and be- 
hind the head of the x-ray machine when the primary beam 
1s directed horizontally. These were the experimental condi- 
tions that led to the first recommendation regarding the safest 
position for the operator of a dental x-ray machine during the 
exposure of dental films. This horizontal direction of the beam 
is clinically unrealistic, particularly so in the region of the 
maxillary anterior teeth. When the x-ray beam is directed 
steeply downward, as for radiographing the region of the max- 
illary central incisors, both sources of scattered radiation would 
register on the roentgenmeter at the previously designated 
location. Thus, a position directly behind the head of the x-ray 
machine is not routinely the safest position for the dentist, 
whereas a position at right angles to the direction of the x-ray 
beam 1s the safest.”* 

In any of the positions cited in the first paragraph of this 
section, the operator is ordinarily not going to approach the 
maximum permissible dose if he stands at least 6 feet from the 
patient’s head. If no lead diaphragm and only 0.5 mm. of 
aluminum is used, Richards indicates that the permissible work 
loads, as stated in Fig. 42, would have to be quartered. 
Spaulding and Cowing*> differ somewhat from Richards. They 
suggest that no definite statement can be made as to the best 
place for the operator to stand because of several variables which 





*From Richards, A. G.: Personal communication. 
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they cite. They state that “there was no justification to relax the 
conclusion that the only safe place was outside the room.’’* 


FILM SPEEDS AND THEIR 
RELATION TO TISSUE INJURY 


Extraoral and intraoral films used in dentistry are manu- 
factured by several different commercial concerns. Films are 
made in various sizes and for various purposes. The speeds of 
extraoral films of a given type vary between manufacturers, but 
seldom vary within the same concern. This is not true, however, 
of intraoral periapical films. Not only do film speeds for peri- 
apical films vary between manufacturers, but also each manu- 
facturer provides the profession with two or more emulsion 
speeds for each size of intraoral film. This, of course, leaves the 
selection of film speed to the practitioner, who ordinarily has 
little information about the advantages and disadvantages of 
the various emulsions. This issue grows even more confusing 
because film manufacturers have made no effort to use an 
understandable descriptive code which would allow the prac- 
titioner to compare film speeds from the same manufacturers, 
as well as from different manufacturers. The data in Table 1 
(page 73) provides this information. Samples of as many 
types of intraoral films as possible were secured from the film 
manufacturers listed. A series of each type of film was exposed 
under each of four exposure conditions using four different 
x-ray machines; to be more specific, each type of film was ex- 
posed sixteen different times. The films were processed simul- 
taneously using new solutions, and, when they were dried, 
the density of the films was read using a Weston No. 877, Type 
6 densitometer. The readings for the identical film emulsions 
were averaged; these averages were expressed in terms of 
multiples of the slowest film’s density (the density of the light- 





*From Spaulding, C. K., and Cowing, R. F.: A Survey of Radiation 
Received by Dentists and Dental Assistants, Am. Indust. Hyg. A. Quart. 
20: 424-427, 1959. 
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mize untoward biologic changes; naturally, the use of faster 
films must be consistent with satisfactory film interpretation. 
Fast films per se more effectively reduce radiation of the patient 
than does any other single factor. Films, together with additional 
filtration and collimation, can reduce the skin dose to the face 
as much as 89%.° All possible means for reducing exposure 
should be employed. 

There is ample evidence to support the statement that the 
faster emulsions can be used very satisfactorily in the produc- 
tion of high-quality diagnostic films. Fig. 43 shows two films of 
the same area. Both films are made by the same manufacturer. 
One of the films is high speed; the other is intermediate speed. 
Diagnostically, there is little, if any, choice to be made; they 
present very similar characteristics. Richards’ comments bear 
out my investigations. He states: “The factor for converting 
times of exposure for radiatized film to ultraspeed film was 
found to be 0.21. The ultraspeed film displayed more grain 
and less contrast than the other films, but the greater granu- 
larity of the ultraspeed film was not objectionable when viewed 
with the unaided eye. The two fastest films available at pres- 
ent are Du Pont Lightening Fast and Kodak Ultraspeed. They 
were found to be very similar in all respects. They are vastly 
improved over previous high-speed dental films, and undoubt- 
edly more advances in higher speed and smaller grain size will 
occur in the future.’’* 

However, there are complications which arise from the use 
of extrasensitive films, and these problems will be discussed in 
detail. Basically, such problems are related to the inadequacy 
of mechanical timers and to film fog which is incorrectly 
thought by some to be inherent in film. Actually when it is 
present, the fog is usually either inherent in the poor techniques 
of the operator or the result of improper film storage in the 
dental office or at the retailers. 





*From Richards, A. G.: Roentgen-Ray Doses in Dental Roent- 
genography, J. A. D. A. 56: 351-368, 1958. 
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Inadequacies of Mechanical 
Timers and Methods for Compensating 


The speed of the fastest films is inconsistent with the use of 
the usual type of mechanical timer in combination with the 
conventional 8-inch target-film distance technique. High-speed 
films used with the 8-inch target-film distance at approximately 
65 kvp and 10 ma require exposures in the vicinity of %4 to Y2 
sec. Most mechanical timers are not sufficiently accurate to pro- 
duce consistent exposures of this short duration, and films are apt 
to vary considerably in density if mechanical timers are used (see 
discussion on the accuracy of x-ray timers). The newer dental 
machines are equipped with synchronous or electronic timers 
capable of fractional exposures as low as Y%o sec. or, in some 
instances, 149 sec. Exposures of such short duration are de- 
sirable but not essential with kilovoltages of 60 to 65 even 
though high-speed film is employed. Exposures of this mag- 
nitude do become increasingly necessary with high-speed films 
if kilovoltage techniques in the vicinity of 90 are used. How- 
ever, all machines having potentials as high as 90 kvp are 
equipped with other than mechanical timers. (Some of the 
older machines are capable of adding a synchronous or elec- 
tronic timer; a small percentage 1s not.* ) 

Three solutions to this problem which do not necessitate 
the purchase of either a new x-ray machine or a faster electri- 
cally motivated timer are discussed in paragraphs to follow. 
These solutions necessitate an increased target-film distance, 
a reduction in milliampere seconds, or the use of additional 
filtration. 

The distance from the x-ray source to the tip of the conven- 
tional pointed cone averages about 7 inches for most dental 
machines; in any case, this figure is a reasonable approxima- 
tion. The cone tip is ordinarily touching the patient’s face, 
and the distance from the cone tip to the film is approximately 


*See Appendix for commercial sources. 
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1 to 2 inches. An 8-inch target-film distance is common. If a 
longer cone is used so that the target-film distance is increased 
from 8 to 16 inches, doubling the target-film distance necessi- 
tates quadrupling the exposure factor, on the basis of the in- 
verse square law. If a person were using a certain dental film 
which necessitated an exposure of perhaps 11% sec. in a specific 
area, and if that person now purchased other dental film with 
four times the speed of the old film, he could continue to use 
present exposure values with the new film by simply doubling the 
distance from the x-ray source to the film.* This suggestion 
does not imply the need for using the so-called long cone or 
paralleling technique which was developed by McCormick, 
popularized by Fitzgerald, and is now taught in many dental 
schools. I consider the long cone paralleling procedure to be 
superior to the more conventionally used procedures, but it 1s 
not the purpose of this text to dwell on the advantages and 
disadvantages of competitive methods. This has been done in a 
previous monograph.*! All of the principles and procedures of 
the conventional short target-film distance technique can be 
utilized even though the target-film distance is increased. Actu- 
ally, this increase in distance will result in an improved film 
quality. 

Another alternative to increasing the target-film distance is 
to decrease the milliamperage. Most dental machines are pro- 
vided with an adjustment which will permit the operator to 
maintain the milliamperage at 10, the conventional milli- 
amperage of dental roentgenography. However, adjustments 
can be made which will permit variations from 0 to 12 or 15 
ma and, in some cases, 20 ma. The quantity of radiation pro- 
duced is related directly to the milliampere seconds, and this is 
determined by multiplying the milliamperes times the number 
of seconds. For example, using a conventional procedure with 
medium speed film, a dentist makes an exposure at 10 ma for 





*Slight variations might exist; see discussion on the determination of 
proper exposure factors. 
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114 sec. This is expressed as 15 mas. If the dentist now de- 
cides to use a film four times as fast as the old film, it will be 
necessary to reduce the milliampere seconds to one-fourth of 
15 or 334 mas. This can be done, if the timer permits, by 
maintaining the constant 10 ma and reducing the 1% sec. of 
exposure to 3 sec. (1.5 sec. + 4 = .315 sec. = % sec.). This 
is not practical for older timers. However, the 334 mas can 
also be accomplished by maintaining the same 1! sec. of ex- 
posure and reducing the milliamperes to 214, or by reducing 
the milliamperes to 5 and decreasing the exposure from 114 
to 34 sec. Machines which do not readily permit the down- 
ward adjustment of the milliamperes can be altered by a 
maintenance person from a dental supply company through 
the insertion of suitable resistance in the filament circuit or 
by changes in the stabilizer mechanism in the tube head. Only 
qualified persons should make such alterations. The dentist is 
cautioned not to attempt this himself unless he has the neces- 
sary understanding. 

The incorporation of a thicker aluminum filter will also 
assist if increased exposure times are necessary. Further ex- 
amples of similar types of problems were considered earlier in the 
discussion on Associated Calculations (pages 64 and 72 to 75). 


Film Fog 

One of the greatest deterrents to the acceptance of extra- 
fast periapical films by the profession has been film fog. This 
is particularly true when higher kilovoltages in the vicinity of 
90 kvp are used. The effect of kilovoltage on film characteris- 
tics has been discussed earlier in this text (Chapter 3) and will 
be mentioned briefly again on subsequent pages. ‘The comments 
to follow will be restricted to the principal causes of fog regard- 
less of the effects of kilovoltage. 

Fast film is sensitive film; it is sensitive to x-radiation, but 
its sensitivity does not stop at this point. Unfortunately but 
understandably, most dentists are not photographic experts. 
Their concepts of good darkroom procedures are often not on 
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a high plane. They ordinarily use excessive safelight in the 
darkroom, and they do not change the processing solutions suf- 
ficiently often. When they do change solutions, they are not 
always careful that the tanks are thoroughly cleansed; in 
deed, some tanks are so impregnated with impurities that they 
cannot be cleaned. Furthermore, care is often not taken to 
avoid contaminating the fixer with developer, and vice versa, 
and strict adherence to an advocated time-temperature pro- 
cedure is not followed. All of this lack of careful darkroom 
technique had a comparatively small effect on slower emul- 
sions; with the use of extrasensitive emulsions comes a de- 
mand for adherence to details. The fast films will not fog if the 
following rules are obeyed. 

1. As a test, make certain that the darkroom is dark by re- 
maining in the room without any illumination (including the 
safelight) for a period of 10 minutes. During this period the 
eyes become accustomed to the darkness and can observe light 
leaks. Light leaks must be eliminated. 

2. The darkroom safelight should be restricted to a 10- or 
15-watt bulb behind a usable Wratten 6 B filter (be certain 
that the filter shows no cracks), placed at least 4 feet from the 
working table. The darkroom should be tested for safe lighting 
as follows: (1) Expose a periapical film under usual clinical 
circumstances (for example, a lower mandibular molar film). 
(2) Unwrap this film in a totally dark darkroom. (3) Place 
the film on the worktable top and place a coin on the film. (4) 
Turn on the safelight—i.e., the light presumed to be safe. Leave 
the safelight on for the maximum amount of time that such a 
film might be exposed to the safe lighting. Remember that often 
as many as five or more complete mouth x-ray films are col- 
lected and then processed at the same time. The first film un- 
wrapped is frequently exposed to the safelight for 20 or 25 min- 
utes; if this is true, safelight testing should extend over a 25- 
minute period. (5) Turn off the safelight (total darkness again 
exists) and remove the coin. (6) Process the film according to 
the manufacturer’s directions and then observe it. If the film 
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shows any evidence of a light circle in the area that was cov- 
ered by the coin, the darkroom safelight (or outside light leak- 
age) is excessive. The area outside the circle is darker because 
it had greater exposure than the area covered by the coin. 

3. Solutions, both developer and fixer, should ordinarily be 
changed every three weeks. However, this is only a rule of 
thumb. Actually the solutions should be changed whenever the 
present films are not of as high a quality as the first film proc- 
essed in the new solution. This suggests an excellent yardstick 
for determining when to change solutions. Merely save one of 
the first films processed and use it for purposes of comparison. 
Solutions deteriorate primarily because of use and oxidation. 
Oxidation, particularly of the developer, results from main- 
taining the solutions at too high a temperature, from leaving 
the solutions uncovered when not in use, and from excessive 
agitation of films. Products of oxidation ordinarily accumulate 
on the surface of the solution and should be removed. Natu- 
rally, the proper solution level should be maintained, and solu- 
tions should be stirred before using. Never contaminate solu- 
tions by interchanging either the stirring paddles for the de- 
veloper and fixer solutions or their respective tank covers. If 
one top is used to cover the entire tank, it should never be 
turned so that the side which ordinarily protects the fixer is 
now over the developer, and vice versa. 

4. Tanks must be thoroughly cleansed before new solutions 
are added. They should be scrubbed carefully with soap, water, 
and a brush and then thoroughly rinsed with water. The tanks 
should be labeled so that there is no interchange between the 
fixer and developer tanks when the solutions are replaced. After 
thorough rinsing, the fixer tank should be further rinsed with 
10% acetic acid to remove any possible alkalinity remaining 
from the soap. Tanks which show obvious porosity should be 
replaced. The metal of some metal tanks enters into a chemical 
reaction with the processing solution; this deteriorates the solu- 
tions and fogs the film. Metal tanks should be of special stain- 
less steel (usually No. 316) which will not react with dark- 


Methods of Reducing Radiation Injury 161 


room reagents, and all joints should be welded, ground, and 
polished, rather than soldered. Pits and other metal imper- 
fections will invariably corrode. 

5. During processing, always rinse the film after developing 
and before fixing for 30 sec. in running water (or use a 10% 
acetic acid stop bath prior to placing films in the fixer). This 
prevents contamination of the fixer by the developer. No fixer 
should be allowed to drip back into the developer. This occa- 
sionally happens when a viewing light is placed on the wall be- 
hind the developer tank. The films are read wet before this 
light, and the fixer drips off the films and into the developing 
solution. 

6. Adhere to a strict time-temperature method for processing 
film. The prior five considerations relating in general to film 
processing were mentioned in some detail because they are often 
deterrents to the continued use of the fastest film. The dentist 
becomes discouraged with the results and blames poor film 
quality on the film rather than on the way he uses the film. It 
is not the purpose of this book to discuss in detail the time- 
temperature method of film processing. These concepts should 
be well known to the dental practitioner. Specific details are 
made available by the manufacturer with his product. Suffice 
it to say that, the faster the film, the greater will be the atten- 
tion that must be given to the details of processing. 

The other important cause of film fog is related to storage 
conditions either at the retailer or in the dentist’s office. Films 
should be stored in a cool dry place away from any possible 
source of radiation, and they should be used prior to their 
expiration date. There is an extremely effective method which 
will permit detection of inherent film fog. One sample film is 
simply unwrapped and processed through the dark room as 
though it had been exposed for diagnostic purposes. A second 
sample film is unwrapped and immersed immediately into the 
fixer solution. (In both instances the room is dark except for 
the safelight.) The latter film will be totally clear, and the 
former should be clear. If it shows visible density, it has ac- 
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quired fog somewhere between the time of manufacture and 
the date of use. 


DETERMINATION OF PROPER 
EXPOSURE FACTORS AND ROLE OF 
DARKROOM IN RADIATION REDUCTION 


Many dentists, perhaps most dentists, overexpose intraoral 
films. This is sometimes done to reduce developing time, but 
probably more often because the dentist “likes” dark films; 
actually this preference is based more on habit than on real 
desirability because slightly light films are of greater diagnostic 
value than are dark roentgenograms. (This assumes that the 
usual type of light source is used for viewing the films.) AI- 
though this procedure of overexposure has never been tech- 
nically acceptable, no grounds for criticism previously existed 
if the dentist was satisfied with the results. Now, in light of 
present-day knowledge about radiation hazards, the dentist 
who continues to overexpose films unnecessarily subjects him- 
self to criticism; he is not doing his utmost to reduce the total 
accumulated radiation to the patient and, through the patient, 
to the mass of the population. It, therefore, becomes essential 
to discuss methods for selecting proper exposure values. 

After a machine has been equipped with the proper dia- 
phragm and suitable filters, as recommended earlier, and after 
a decision has been made about film speed, kilovoltage, milli- 
amperage, and target-film distance, a series of exposures should 
be made in which only the exposure time is varied. Under these 
circumstances, it 1s permissible to use a patient for such de- 
terminations, provided that an excessive number of exposures 
are not made. Naturally, this patient will receive a little more 
exposure than necessary, but, as a result, the patients to follow 
will benefit. Ordinarily, the mandibular molar area is the loca- 
tion of choice for experimental exposures because of the ease 
of film placement. Exposures should be made by starting with 
one known to be too short and should be increased on a 
percentage basis up to an exposure time known to be too long. 
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For example, the first exposure with a particular film might 
be 4 sec., the next should be 1% sec., the next should be 1 sec., 
and the next 2 sec., which probably would be all that was 
necessary. Thus, the increase in exposure time would be on the 
basis of 100% over the prior exposure. Or the dentist might 
prefer to increase the exposures in smaller units of perhaps 
50%. Under these circumstances he might start with 14 sec. 
and increase from 34, 1%, 11446 (approximately 154) to 2%. 
sec. (approximately 214), which would probably end the series. 
These exposure suggestions are appropriate with a milliamper- 
age of 10 and kilovoltages in the 60 to 70 range. If kilovoltages 
in the range of 85 to 95 are used, the starting exposure would 
be in the vicinity of 4% sec. The important concept is that of 
starting with a light exposure and increasing the exposures in 
terms of a per cent of the prior exposure, rather than by con- 
stant amounts; a constant increase results in a diminishing per- 
centage increase. As the exposure time becomes long, the effect 
of the small increase may not be visible to the eye. For example, 
if one starts with an exposure of 4 sec. and increases the time 
by '%% sec. for each exposure, the percentage increases are as 
follows: % to 1, 100%; 1 to 1%, 50%; 1% to 2, 33%; 2 to 
2%, 25%; etc. Increases of 33% or less are rather difficult to 
see visually. Additionally, the constant increases would have 
an extremely different effect, depending on whether slow or 
fast film was used; increases in terms of a constant percentage 
multiple would have the same effect regardless of film speed. 
The series of films produced in the manner described are 
marked in sequence and clipped to the developing rack in order 
of increasing exposure. These are processed in fresh solution 
for a period of time in excess of that recommended by the 
manufacturer. In other words, developing is forced. A film 
which is underexposed or properly exposed cannot be over- 
developed to any great extent. Ordinarily slower developers 
produce superior results, and the conventional 5-minute dental 
developer is recommended. Thus, the experimental series of 
films is developed for approximately 8 to 9 minutes at the 


























NS egcnd see opposite age. 





Methods of Reducing Radiation Injury 165 


recommended temperature (65 to 68° F.). These are then 
washed, fixed, washed again, and dried in the usual manner. 
The films are then examined, and the most pleasing film den- 
sity is selected as the basic exposure value. Fig. 44, A and B, 
demonstrates films exposed and developed as just suggested; my 
opinion as to the most suitable film density is stated. As 
indicated in the illustration, the operator may prefer a density 
between two of the resulting films. It is simple to establish the 
proper exposure time between the two best films in the series. 
If a film is now exposed in accordance with this selection and 
processed normally (not overdeveloped), the density of the film 
will be identical with that of the experimental film or only 
slightly lighter. It is not necessarily recommended that films 
be routinely overdeveloped, but this is one means of reducing 
irradiation to the patient. Richards® suggests that a 20% re- 
duction in exposure time with increased development in high- 
energy developer at 68° F. from 3 to 5 minutes reduces the 
gonadal dose by 18.25% in adult males. Overdevelopment was 
suggested for the experimental procedure to determine the 
proper exposure time with other predetermined constant ex- 
posure factors (i.e., kilovoltage peak, milliamperes, distance, 
etc.). The primary purpose of overdevelopment under experi- 


Fig. 44. Selection of optimum exposure times. A, These films were 
exposed using a 16-inch target-film distance, 2.5 mm. of total aluminum 
filtration, a suitable diaphragm to limit the circular area of radiation 
coverage to less than 2.75 inches in diameter, 10 ma, 65 kvp, and the 
following exposure times, starting with the upper left: VY, 4, ¥%, 2, V, 
1%, 13%, and % sec. The last Y sec. of exposure film was developed 
normally (not overdeveloped) and can be used to compare the amount 
of additional film density that is brought out by overdevelopment (see 
the first /2 sec. exposure film, extreme left, second row). In my opinion 
the proper time of exposure for this type of film using this specific 
x-ray machine and the stated exposure factors is between 1/2 and % sec. 
for the mandibular molar area. An exposure of approximately 5% sec. 
(approximately 6 to 7 mas) would produce a film with a very usable 
density for interpretive purposes. B, These films appear identical to 
those in A. They were exposed under identical conditions except that 
90 kvp was used with the following exposure times: 145, Yo, ¥, 
340, ¥2, %, and Y% sec. In my opinion, an exposure of % sec. (2.5 mas) 
is most desirable under the circumstances. 
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mental conditions is to call attention to those films which are 
overexposed; overexposure must be avoided. 

Techniques using high kilovoltage peaks often call for 
constant exposure factors throughout the oral cavity, whereas 
low kilovoltage techniques utilize constant milliamperes, but 
varying exposure periods. Under the latter circumstances (low 
kilovoltage peak), exposure times will vary above and below 
that used for mandibular molar teeth. The percentage of vari- 
ation will be consistent with that presently employed. Arbi- 
trarily presupposing a desirable 1l-sec. exposure for the lower 
molar area, the data in Table 7 demonstrate the necessary ex- 
posure adjustments with respect to other areas of the denti- 
tion. Naturally, a percentage decrease throughout the arches 
will be used for children and the aged, and some percentage 
increase will be necessary for heavily boned persons. 

Darkroom processing should never be less than that recom- 
mended by the manufacturer, and some increase in developing 
time (approximately 40%) may be helpful, especially to dis- 
cerning diagnosticians. This increase in developing time permits 


Table 7. Exposure Adjustments Based on Correct Exposure of 
Lower Molar Area as Described in Fig. 44 


Recom- 
mended Difference 
Exposure in Using 
Times* Manatbular New New 
Using Old Molar Mandibular | Exposures 
Exposure as Base Molar for Entire 
Techniques Line Exposure Mouth 
Area (Sec.) (%) (Sec.) (Sec.) 
Maxillary molars 2 +33 1% 
Maxillary bicuspids 1% 0 1 
Maxillary cuspids 1 0 1 
Maxillary centrals 114 -16.6 VY 
Mandibular molars 1 0 lt 1 
Mandibular bicus- 
pids 1% -16.6 Ye 
Mandibular cuspids l —33 2, 
Mandibular centrals 34 —50 V/ 


*Exposure times are within reasonable range, but are arbitrarily set. 
tSelected arbitrarily. 
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a decrease in exposure time by a factor of approximately 0.80.° 
It is recommended that 5-minute developers be used in prefer- 
ence to high-energy, 3-minute developers. The quality of the 
films will be somewhat better if the 5-minute developer is 
used. Inquisitive persons may be interested in developing a 
properly exposed film for an exceptionally long period—as much 
as 2 hours or more. Interestingly, the film will be somewhat 
fogged from chemicals, but it will not be blackened beyond the 
point of recognition and even use if necessary. This, of course, 
would not be possible if the film were overexposed. 

Proper use of the darkroom is an extremely important and 
integral part of good roentgenographic technique. Prior pages 
have mentioned certain aspects of darkroom procedures; it is 
not the purpose of this book to discuss in detail aspects other 
than those which deal with radiation reduction to the patient 
and the operator. Suffice it to say that the procedures should 
always be constant and based on a strict time-temperature 
program according to manufacturer’s directions. ‘The darkroom 
lighting should be minimal, and the room should be examined 
for light leaks. These should be eliminated when they are pres- 
ent. Solutions should be changed periodically in accordance 
with need, and each change of solution should be accompanied 
by thorough cleansing of tanks. ‘These matters have been consid- 
ered in the discussion on film fog. Dentists are often willing to 
spend considerable sums of money in purchasing the equipment 
which produces the x-ray, but they foolishly conserve on dark- 
room equipment and the care with which the darkroom 1s 
used. 


HIGH KILOVOLTAGE TECHNIQUES 
AND PREVENTION OF RADIATION INJURY 


A difference in potential (voltage) 1s necessary between the 
anode and the cathode of the x-ray tube if x-rays are to be 
produced. This difference in potential is expressed in terms of 
kilovoltage. The amount of kilovoltage used will determine the 
quality of the radiation produced; the higher the kilovoltage, 
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the greater will be the quality or penetrating power of the 
x-rays. The conventional dental x-ray unit which was marketed 
to the profession during the period approximately 20 years 
prior to 1948 or 1950 operated at a kilovoltage in the vicinity 
of 50 to 55 kvp. Some of these machines could be adjusted 
to kilovoltages as high as 70 kvp, but this variability was sel- 
dom used because simplicity of adjustment was lacking, as was 
the practitioner’s knowledge about the need for such adjust- 
ments. About 1948, or perhaps a little prior to this time, x-ray 
manufacturers began producing machines which had variable 
kilovoltage between 45 and 70 kvp, and variable milliamperage 
from 0 to 15. This may have been done as a competitive sales 
measure with little regard for the needs of the profession. About 
1948, research efforts by dental investigators suggested the 
advisability of higher kilovoltages for dental roentgenography, 
and gradually manufacturers of x-ray equipment have acqul- 
esced to the results of research. There is now a predominance 
in the sale of high kilovoltage dental x-ray machines (90-kvp 
machines) because this equipment can be used at high kilo- 
voltages, as well as at more conventional levels of 60 to 65 kvp. 
Actually, 90-kvp machines are more often used at the lower 
levels than in the higher kilovoltage range because the films 
produced at lower kilovoltages are more pleasing to the eye. 
They have greater contrast and hence are more brilliant. 
Actually, the diagnostic quality of the higher kilovoltage films 
is better for general purposes than those produced at lower 
kilovoltages, but the dentist has not as yet been trained to read 
the long scale contrast film which results from the use of 
higher kilovoltage. 

If all exposure factors are kept constant and the kilovoltage 
peak is increased, the total amount of radiation, both primary 
and secondary, will be increased. However, the added ability 
to penetrate tissue which results from an increase in the kilo- 
voltage peak necessitates a decrease in the quantity of radiation 
(milliampere seconds) in order to maintain constant and 
proper film density. ‘This decrease in milliampere seconds, when 
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correlated with the increased kilovoltage peak, results in a de- 
crease in total radiation output in air and in the amount of 
secondary radiation produced in the patient’s tissues. The 
reader may choose to think of this as greater efficiency in ex- 
posure due to increased penetrability. These seemingly all-in- 
clusive statements .vary with tissue thickness and composition, 
but are accurate as generalities. The data in Figs. 17 to 20 and 
33 may assist in clarifying these points. Fig. 17 shows the rela- 
tionship between milliampere seconds and kilovoltage when 
one particular type of film is exposed to the level of a constant 
density. It will be observed that at lower kilovoltages materially 
greater amounts of milliampere seconds are required to main- 
tain constant film density than are required in the higher kilo- 
voltage areas. Figs. 18 to 20 give specific dental examples. Fig. 
33 represents the relationship between wave lengths produced 
at given kilovoltages and the intensity of the radiation. The 
space under the curve symbolizes 100% of the radiation pro- 
duced. The broken vertical line crossing all curves represents 
an approximate dividing line below which radiation wave 
lengths cannot penetrate easily into tissues. If the rays cannot 
penetrate the tissue, they cannot expose the film. They are 
useless and should be filtered out. 

It will be obvious to the reader that the percentage of usable 
radiation is greater in the areas of higher kilovoltages; there- 
fore, the total quantity of radiation necessary to maintain a 
constant film density is materially less. Another explanation of 
higher kilovoltage usage can be shown diagrammatically using 
a step wedge. Fig. 45 illustrates such a step wedge of aluminum; 
each step is an increase of 1 mm. over the one directly below 
it. If exposures are made of this step wedge using 90 kvp in 
one instance and lower kilovoltages in others, and if these ex- 
posures are made using milliampere seconds in such a quantity 
as to give a constant density to the tenth or middle step, a full 
range of step densities will be observed more readily on the film 
taken with 90 kvp than on those taken with lower kilovoltages. 
Fig. 46 demonstrates this phenomenon. In the case of the step 
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The easiest way to visualize the phenomenon just described is 
to note the triangular pattern in Fig. 46 that has developed in 
the upper and lower right corners of the illustration, leaving 
a third and larger triangle in the center of the illustration. The 
base of this latter triangle is in the 90-kvp step wedge; its apex 
is in the direction of the step wedge exposed at 50 kvp. Since 
an understanding of the effect of kilovoltage peak is important 
to the use of higher kilovoltages by practitioners, the comments 
made are further amplified by the findings in Fig. 47. The actual 
densities of each step wedge shown in Fig. 46 are recorded. 
The broken lines connect approximate densities and develop, 
for the reader, the triangular pattern just referred to. 

The effect demonstrated in Figs. 46 and 47 is also shown in 
Fig. 48. Here the milliampere seconds selected were such as to 
give constant density to step No. 2. The inability of the lower 
kilovoltages to penetrate the thicker portions of the pene- 
trometer (step wedge) is easily observed; the steps tend to blend 
together into a white mass. This is not the case with the same 
penetrometer (step wedge) when film is exposed under condi- 
tions of higher kilovoltages. 

For purposes of completeness, one other concept should be 
introduced at this time. This thinking tends to discourage the 
use of procedures with higher kilovoltage peaks or at least to 
suggest that higher kilovoltage peaks are not so helpful as was 
once thought. Although increased kilovoltage peaks do increase 
the efficiency of the radiation, they also cause increased irradi- 
ation of the tissues beyond the film. In other words, the amount 
of radiation that emerges from the opposite side of the face 1s 
greater with higher kilovoltage procedures than with techniques 
using lower kilovoltage peaks. This obviously means that the 
tissues on the far side of the face have been exposed to more 
radiation than they would have received if lower kilovoltages 
had been used. Furthermore, almost two and one-half times as 
much scattered radiation is produced at 90 kvp as at 65 kvp 
per constant milliampere seconds.’ The essential question is: 
How much total radiation is absorbed by the tissue? The 
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Fig. 47. Actual density measurements obtained from films shown in 
Fig. 46. Three step tables are diagrammatically shown, each having 
been exposed at a different kilovoltage peak-milliampere seconds ratio. 
The figures on each step show the film density of that step. Note that 
the middle steps have an almost constant density. The broken lines ex- 
press the spread of step densities resulting from the use of the dif- 
ferent kilovoltage peak-milliampere seconds ratios. Note that the tablet 
produced at the lowest kilovoltage peak has steps which are lighter at 
the thicker end and darker at the thinner end of the tablet than the 
same tablet exposed at 90 kvp. This fan shape illustrates the manner in 
which films with high kilovoltage peak portray a greater span of tis- 
sue densities. 


higher kilovoltage techniques appear to reduce the total amount 
of absorbed radiation, but not to the extent that was once 


thought. 
The advantages of high kilovoltage procedures in reducing 
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learn to interpret these new films which, admittedly, have a 
different character. The greatest interpretive difficulty will lie 
in the detection of interproximal carious lesions when the higher 
kilovoltage peaks are used. In order to assist the practitioner 
in overcoming this hurdle, it is suggested that bite-wing films be 
taken at 60 to 65 kvp and at appropriate milliampere seconds, 
but that all other films be exposed at higher kilovoltages. 

The matter of film fog was discussed earlier. If the flatness 
of the films taken with high kilovoltage peaks has fog super- 
imposed upon it, the attractiveness and the usefulness of the 
film decreases rapidly. The absence of fog is important in all 
cases, but it is essential when high kilovoltage techniques are 
employed. 


TECHNIQUE 


Up to this point, suggestions have been made about ways in 
which the amount of radiation in dental roentgenography can 
be reduced without limiting in any way the number of films 
taken by the dental practitioner. It was pointed out earlier that 
a total facial exposure of approximately 25 to 50 r in air is 
made in the average dental office when a series of complete 
mouth x-ray films are taken. Naturally, the total exposure is 
related to the number of films taken and to the speed of the 
film, as well as to collimation, filtration, etc. These figures are 
based on the utilization of from 14 to 20 films of average speed 
per complete mouth roentgenographic survey. The use of slow 
speed films, rather than average or intermediate speeds, increases 
the dose by a factor of at least 2. Fortunately, the production 
of very slow films, which were available several years ago, has 
been discontinued by most manufacturers. If the suggestions 
made in this text are followed, a series of complete mouth 
x-ray films consisting of 21 films can be made with a total 
roentgen output to the facial tissues of 5 r or less in air. Surely, 
this reduction is desirable. As a matter of fact, it is inconceiva- 
ble that any dentist would subject his patients to more radi- 
ation than is necessary. 
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Although the foregoing remarks have dealt with ways in 
which radiation can be reduced, no mention has been made of 
technical procedures. Users of x-radiation must be proficient 
in the actual techniques of taking dental film. Repeat films are 
permissible if they are necessary for further diagnostic informa- 
tion, but excessive remaking of films because of faulty technical 
procedures is inexcusable. Such technical procedures, of course, 
deal with film placement, angulation, exposure factors, and 
darkroom methods. It is not the purpose of this text to delve 
into these aspects of dental roentgenology. If the dentist uses 
x-radiation, he must make himself proficient in the techniques; 
if he does not do so, he is evading his professional responsibili- 


t1es. 


Chapter 7 
LEGAL ASPECTS 





As yet, I know of no court actions in which a dentist has 
defended himself against a charge of malpractice in the use of 
x-radiation, but this is likely to occur; instances of improper 
use of x-radiation are not infrequently found. 

Conviction or acquittal in medical and dental malpractice 
actions is ordinarily based on whether the practitioner has ex- 
ercised “ordinary care used by other practitioners of ordinary 
skill in his locality.” Until the present, this phrase would pro- 
tect almost any dentist from a suit based on misuse of x-radi- 
ation because most practitioners are not well informed about 
the physical properties and biologic effects of x-radiation. How- 
ever, recent concern about radiation in general has focused 
attention on the dentist (as well as on other users of x-radi- 
ation), and he now is expected to inform himself about this 
subject and to conduct his actions according to current think- 
ing. If he does not do so, it is likely that the courts will find 
him negligent in his professional duties. Once a precedent for 
such negligence has been established, the members of the pro- 
fession will be placed on even less secure ground. At the mo- 
ment, immunity from court action due to improper use of 
radiation stems from two sources: (1) the present but rapidly 
diminishing ignorance of the profession with respect to x-radi- 
ation and (2) the fact that chronic radiation effects are likely 
to be produced only after a long latent period. The cause of 
such effects are often difficult to isolate with certainty. Because 
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of this, the dentist may be relieved of legal entanglements, but 
his ethical and moral responsibilities continue to exist. 


FREQUENCY OF X-RAY EXAMINATIONS 


Freedom in the method of conducting one’s practice must 
be granted to the health practitioner if he is to serve the public 
to the best of his ability. It would be presumptuous to dictate 
to any dentist rules and regulations concerning the frequency 
of dental x-ray examinations. However, certain suggestions can 
be offered as a guide. 

Certainly, all patients should receive a complete roentgeno- 
graphic survey when they are accepted for complete dental 
service. This is an all-inclusive statement, and no doubt there 
are a few legitimate exceptions. But for the most part, negli- 
gence in examining the interproximal tooth surfaces, the bone, 
and the portions of the tooth below the gingiva could be con- 
sidered contrary to presently accepted criteria for good den- 
tistry. Additionally, there are some dental tissues which tend 
to change more rapidly than others and require frequent ex- 
amination. The predominance of dental caries, especially in 
children, is an indication for retaking necessary films at frequent 
intervals; this will vary with different patients. Many patients 
present isolated areas of questionable normalcy which are not 
readily interpreted and which must be observed periodically. 
Therefore, in addition to the original series of complete mouth 
x-ray films, it is necessary to take bite-wing films and other 
periapical views in accordance with need. In general, however, 
it seems unnecessary to repeat the complete mouth survey 
more often than once every five to ten years. If the survey 1s 
done more frequently than this, the practitioner must examine 
his conscience to determine the essentiality of such a procedure. 

There is also a tendency among dental practitioners to refuse 
the transfer of a patient’s roentgenograms from his office. The 
reason for this is obvious. The roentgenogram is important as 
a basis for past and present professional actions; the dentist 
prefers to keep this evidence in his possession. However, under 
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present-day circumstances, some revision in thinking is probably 
necessary. It seems unwise to give such material to the patient, 
but it is entirely appropriate to forward this material to an- 
other dentist upon his request and with his assurance that he 
will return the films when they are no longer of use to him. 
This period may be almost indefinite in some instances, but 
certainly the former dentist would ordinarily have no need for 
the films in the interim. If an occasion of need arose, they could 
be secured with little or no difficulty other then perhaps an 
unfortunate lapse of time. 

Should a patient leave a dental office after perhaps a three- 
year period and return at a subsequent date, it would be neces- 
sary either to obtain films taken by the dentist who served the 
patient during the intervening period or to retake the series 
of complete mouth roentgenograms. Up-to-date roentgeno- 
graphic information must be available for the competent prac- 
tice of modern dentistry. 


ROENTGENOGRAPHIC SERVICES FOR CHILDREN 


A knowledge of the carious process in children’s teeth and of 
the periodontal status, together with an understanding of the 
more bizarre conditions which may occur in the underlying 
bony tissues, are essential to the adequate treatment of the 
child patient. With this realization goes recognition of the fact 
that growing tissues are more sensitive to radiation than are 
the less actively growing cells. Of importance is the fact that 
the reproductive organs of a child are closer to the head than 
are the reproductive organs of an adult. (Richards® states that 
the relative gonadal dose for a 3-year-old child is 1.75 that of 
an adult.) Because of this proximity, secondary radiation can 
more easily reach the gonads. Furthermore, the tube housing 
of the x-ray unit is almost in the child’s lap when mandibular 
films are taken, and housing leaks are critical. The newer 
x-ray machines are designed so that leakage from the tube 
case does not exceed 0.100 r per hour at a distance of 1 meter 
from the target under maximum conditions of use. Thus, the 
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new machines can be considered safe, but should be tested 
periodically. This can be done readily by attaching dental 
film to the tube casing for several weeks, or, preferably, the 
services of a radiation physicist can be used. A film that has 
acquired density can be sent to the manufacturer for an evalu- 
ation of the amount of radiation necessary to produce this 
density. In a recent study,® the combined scattered and leak- 
age radiation was measured on fifty-six dental x-ray units at a 
point 1 meter from the tip of the cone in a direction perpen- 
dicular to the beam axis. The median value was 0.600 r per 
hour; seven of the units tested showed a value of 1.5 r per 
hour or more. Although a separate leakage measurement was 
not obtained, the figures show the large variation that exists 
in dental machines. For this reason, I advocate that a leaded 
apron be used for children. Other investigators disagree be- 
cause they feel that the apron is not necessary and that it will 
only call attention to the possibility of radiation hazards. Such 
aprons can be purchased from dental dealers. A waist type of 
apron, 0.5 mm. of lead equivalent, is satisfactory. Small aprons 
can be made by placing a sheet of 0.5 mm. lead (approximately 
14 x 17 inches) inside a suitable cloth envelope. Fasteners are 
attached to the envelope to maintain the apron in proper posi- 
tion over the patient’s body. More explicit directions for mak- 
ing such aprons have been published.*? 

Infinite care must be taken to filter and collimate properly 
in the case of children. The use of old-style nonshielded x-ray 
tubes is contraindicated. Irradiation of the thymus, the thyroid, 
and the eyes must be kept to an absolute minimum; this can 
be done by collimation, accuracy in technique, and the use of 
the several other methods for generally reducing irradiation to 
the patient. These aspects have been covered previously in this 
text. 

Admittedly, circumstances alter cases, and techniques must 
vary. The following technique for children is proposed purely 
as an alternative to conventional procedures. A_well-taken 
lateral jaw film of each side will demonstrate gross abnormalir 
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ties in the molar and premolar regions of the mandible and 
maxilla. An occlusal film of the midline segment of the maxilla 
and another of the mandible will complete the survey for gross 
abnormalities. One bite-wing film of the molar and premolar 
areas on each side will permit the detection of interproximal 
Caries, and caries in the anterior teeth can be readily observed 
with nonroentgenographic clinical procedures. Additional peri- 
apical films need be taken only if isolated areas in the films 
just mentioned are questionable and require further study. 


ROENTGENOGRAPHIC 
SERVICES RELATED TO PREGNANCY 


Dentists are often called upon to make single film exposures 
of patients who are pregnant, as well as complete mouth roent- 
genographic surveys. There is nothing to contraindicate such 
procedures if in the judgment of the dentist the films are neces- 
sary for adequate diagnosis. As in the case of children, the 
fetus is close to the source of radiation, and embryonic and 
rapidly growing tissues are more susceptible to ionizing radiation 
than are more mature cells. Thus, considerable care should be 
taken to limit, through means discussed earlier, all unnecessary 
radiation. The use of a waist type of leaded apron may be advis- 
able; it can do no harm and will demonstrate that the operator 
is conscious of the patient’s welfare. Other methods used to 
reduce radiation, as discussed earlier, have greater impor- 
tance. To treat without the benefit of necessary information 
that can be provided by the roentgenogram could cause in- 
finitely more damage than the ionizing radiation. 

In medicine, routine pelvimetry studies have been largely dis- 
continued. This is mentioned for comparative purposes. It 
should not serve as an example to dentists. Such an examina- 
tion is often supplementary and not essential. Furthermore, the 
fetus is exposed with primary radiation. The difference in the 
number of rads absorbed by the fetus in a pelvic x-ray exam- 
ination versus a complete mouth x-ray examination is extremely 
large. 
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POSSIBLE LEGISLATIVE ACTIONS 


In recent years it has become increasingly evident that leg- 
islation designed to prevent excessive irradiation of the public 
is necessary. Until about 1940 the principal uses of radiation 
were in the medical sciences, and the only persons involved 
were the patient, technician, and doctor. Under these circum- 
stances the problem was a personal one, rather than a public 
health issue. At present and in the future, the public will con- 
tinue to be subjected to radiation which is beyond the indi- 
vidual’s power to limit or control. Thus, the problem has now 
become as much of a public health matter as the control and 
prevention of epidemics and the maintenance of an uncon- 
taminated water supply. Dentistry will be included in the over- 
all surveillance program, and, although it contributes only a 
small portion of the total medical dose, it will be required (and 
rightly so) to restrict the total quantity of radiation that it 
uses as much as possible. Laws will be necessary to obtain the 
desired results, and dentists will be required to abide by these 
regulations. Legislative action to protect the public from all 
sources of radiation is in effect in several states.? Whether this 
action is good or poor, or should be on a national or state level 
is still debatable. The need for legislation or regulation is prob- 
ably inversely proportional to the degree that users of radiation 
cooperate in eliminating all unnecessary radiation. In dentistry, 
legislation or regulation could take the form of registration or 
licensure or possibly restricted licensure at the specialist’s level. 
In all instances, such legislation or regulation will probably 
require that the practitioner demonstrate that he has a reason- 
able knowledge of the physical properties and biologic effects 
of the radiation which he uses. 


Registration would prove to be the least obnoxious form 
of legislative or regulatory action. Under these circumstances, 
all users of dental radiation (in the case of dentists, all dentists 
who possess dental x-ray machines in their offices) would be 
required to register with the proper agency the fact that they 
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possessed a given type of machine or machines. Registration 
might also include verification that the x-ray machines are 
equipped with certain devices as required by law. Such devices 
would include proper means for collimation, proper timers, 
suitable filters, etc. This registration probably would also ask 
whether the user of radiation had acquainted himself with the 
physical and biologic properties of radiation through formal 
course work or had demonstrated his knowledge through suit- 
able examination. If he had not, he probably would be ex- 
pected to do so. Licensure would, in effect, be identical with 
registration except that it would have a stronger tone and more 
rigid standards. 

It is possible, although not likely in the immediate future, 
that the use of radiation will be relegated to persons who have 
a proved depth of knowledge in the field. Such an action would 
materially effect the practice of dentistry and would be strongly 
opposed at most levels. Justification for such a procedure would 
be the noncooperation of members of the health sciences or the 
development of new knowledge through research in the bio- 
logic sciences establishing x-radiation as considerably more 
harmful than it is now presumed to be even by the most con- 
servative of scientists. 
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A SURVEY OF THE LITERATURE 


One of the first articles dealing with the dangers of x-radia- 
tion to the public was published in the New England Journal of 
Medicine in 1949 by Dr. Charles R. Williams and was almost 
immediately abstracted in the September 19, 1949, issue of Time 
magazine. This material criticized the use of fluoroscopic devices 
for fitting shoes. Since that time many articles have been pub- 
lished in lay magazines, newspapers, and scientific journals of 
various descriptions. A survey of this literature has been made, 
and some of the material is mentioned with comments on the 
following pages. Most of these articles or texts contain a bibli- 
ography which will serve as further reference sources for in- 
terested readers. Generally speaking, the suggested material is 
of a scientific nature. A few of the articles originated in lay 
magazines. The latter offer a different approach and serve as 
samples of the type of material read by interested but sometimes 
not overly intelligent dental patients. 


A Practical Manual on the Medical and Dental Use of X-rays 
With Control of Radiation Hazards; prepared by the American 
College of Radiology and sponsored by the American College of 
Radiology and the American Dental Association. 


This booklet of approximately 30 pages presents, in an ex- 
tremely simplified form, the problems of x-radiation usage and 
methods of control. The comments are supported by cartoons 
and diagrams which effectively illustrate the text. This booklet 
has been distributed to some groups within the health sciences 
and can be obtained through the American Dental Association. 
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Atomic Radiation; prepared by the R.C.A. Service Co., A Di- 
vision of the Radio Corporation of America, Camden 8, N. J. 


This booklet of some 100 pages deals with the theory, biologic 
hazards, and safety measures of atomic radiation and treatment 
for injury from this type of radiation. It is easily read and, while 
it is not directly related to the use of x-radiation in dentistry. 
much of its content has a direct bearing on the problem with 
which the dentist must deal. 


Bjarngard, B., and others: Radiation Doses in Oral Radi- 
ography, Odontologisk Revy 10: 355-366, 1959. 


This article reviews the prior results of several investigators 
relative to radiation doses received by the gonads, eye, thyroid, 
skin, and side of the neck during routine dental exposures. It 
then states the authors’ findings, using relatively similar tech- 
niques. Their results suggest very moderate irradiation of the eye, 
thyroid, and gonads as a result of routine complete mouth x-ray 
examination. This low level of irradiation may be due to the 
small diameter of the useful beam at the tip of the cone (5.2 
cm. or 2.04 inches). (The diameter of the beam on most dental 
x-ray machines is approximately 4 inches at this location unless 
it is modified by collimating devices.) The authors state that 
continued study will demonstrate the influence of variation in 
field size and half-value layer on tissue doses. 


Bjornerstedt, R., and Engstrom, A.: Maximum Permissible Body 
Burden of Strontium 90, Science 129: 327-328, 1959. 


This report 1s short, but requires some background for com- 
prehension. It is limited in scope in that it relates entirely to 
strontium 90, but it will give interested dentists a further un- 
derstanding of fallout and its relation to human biology. 
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Campbell, J. E., and others: The Occurrence of Strontium-90, 
Iodine-131, and Other Radionuclides in Milk, May, 1957 
Through April, 1958, Am. J. Pub. Health 49: 225-235, 1959. 


Approximately one-fifth as much radiation is delivered to 
human beings by fallout as through medical and dental uses 
of ionizing radiation. Nonetheless, it is important for well- 
informed dentists to be mindful of the role that fallout plays in 
the over-all effects of ionizing radiation on body tissues. The 
presence of radioisotopes in milk is used to estimate total hu- 
man consumption of such isotopes. This article states the con- 
centrations of these materials obtained from various milksheds 
in the United States over a period of time and discusses some of 
the implications. 


Gentry, J. T., and others: An Epidemiological Study of Con- 
genital Malformation in New York State, Am. J. Pub. Health 
49; 1-22, 1959. 


This study raises the question of the long-range effects of 
low-level environmental radiation on man. It attempts to cor- 
relate malformation rates in geographic areas of high local 
Jevels of radioactivity with average living conditions. Malforma- 
tion rates were determined to be higher in areas of elevated 
background radiation. 


Glasser, O., Quimby, E. H., Taylor, L. S., and Weatherwax, 
J. L.: Physical Foundations of Radiology, ed. 2, New York, 
1954, Paul B. Hoeber, Inc. 


This textbook deals with the physical properties of ionizing 
radiation and to a rather considerable extent with biologic 
reactions to such radiation. Although portions of the text ex- 
ceed the comprehension of the average person in the health 
sciences, the larger portion of it reads interestingly and under- 
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standably. It will provide interested dentists with some ex- 
tremely valuable background information. 


Gorson, R. O., and others: A Limited Survey of Radiation Ex- 
posure From Dental X-Ray Units, Radiology 72: 1-13, 1959. 


A survey of 56 dental x-ray units done by the Department of 
Public Health of the City of Philadelphia is reported. This 
survey is important because it probably represents any other 
56 dental units taken at random in any area in the country. 
The study shows the very considerable variation that exists be- 
tween dental machines and demonstrates the degree to which 
some machines can and should be altered for the common good 
of both the patient and the operator. 


Kaufmann, Berwind P.: Genetic Effects of Roentgen Rays, 
J. A. D. A. 59: 1155-1168, 1959. 


This article, which was presented at the 1957 meeting of the 
American Dental Association, presents the geneticist’s viewpoint 
relative to the effects of radiation. It is directed specifically 
toward the dental use of x-radiation. Although roentgen rays 
used in dentistry contribute minimally to the population’s to- 
tal absorbed dose, a plea is made to limit even this small 
amount as much as possible. This request is accompanied by 
well-substantiated reasons for charging the dental profession 
with this serious responsibility. 


Lapp, R. E., and Andrews, H. L.: Nuclear Radiation Physics, 
ed. 2, Englewood Cliffs, N. J., 1954, Prentice-Hall, Inc. 


This textbook, together with Physical Foundations of Radt- 
ology, which has already been mentioned, can serve to inform 
the dentist rather completely about the physical principles of 
radiation in general. In contrast with Physical Foundations of 
Radiology, which is written specifically for the radiologist, this 
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book delves with considerable depth into the physics of radia- 
tion. It is for the most part rather easily understood. As would 
be expected, some of its contents are too broad in scope for the 
average dentist or physician, but much of it is interesting read- 
ing and quite easily comprehended. 


Lilienfeld, A. M.: Diagnostic and Therapeutic X-Radiation in 
an Urban Population, Pub. Health Rep. 74: 29-35, 1959. 


The diagnostic use of x-radiation in urban areas is consid- 
erably higher than might ordinarily be expected. This article 
provides statistics on the number of people exposed, the reasons 
for which x-radiation was used, and the age groups and socio- 
economic strata most affected. 


Living With Radiation; prepared by Francis L. Brannigan of 
the Safety and Fire Protection Branch, Office of Industrial Re- 
lations, United States Atomic Energy Commission, Washing- 
ton, D. C., 1959. 


This 65-page booklet can be obtained at a nominal charge 
from the Superintendent of Documents, U. S. Government 
Printing Office, Washington. 25, D. C. It presents for the lay- 
man, in a very refreshing manner, the problems of the nuclear 
age. It presents several aspects of the over-all problem that are 
not covered in this text. The approach is simple; many dia- 
grams and illustrations are used. 


Manson-Hing, L. R.: The Fundamental Biologic Effects of 
X-Rays in Dentistry, Oral Surg. 12: 562-575, 1959. 


This article deals concisely with the subject matter men- 
tioned in the title. It offers an extensive list of references as 
well as a readily understandable description of the following: 
ionization and the molecular effects of x-radiation, chemical 
effects of x-radiation, effects of x-radiation upon tissues, whole- 
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body effect of x-radiation, genetic effects of x-radiation, and 
public health aspects of x-radiation. 


Maximum Permissible Dietary Contamination After the Acci- 
dental Release of Radioactive Material From a Nuclear Re- 
actor. Report to the (British) Medical Research Council by 
Its Committee on Protection Against Ionizing Radiation, Brit. 
M. J. 1: 967-969, 1959. 


Sooner or later a reactor accident of a serious nature will 
occur in the United States, as it did in England on October 
10, 1957. This will create problems that will have to be met 
immediately and adequately. This article gives some insight 
into the difficulties and the management of the situation that 
occurred in England. Although this would have but little direct 
effect on the dental practitioner, he may want to include this 
type of information as a part of his general knowledge of the 
subject. 


National Bureau of Standards Handbooks 50, 59, 60, and 61, 
Washington, D. C. 


These handbooks deal with x-ray protection design, permis- 
sible dose from external sources of ionizing radiation, x-ray 
protection, and regulation of radiation exposure by legislative 
means and will prove interesting to the dentist. These can be 
secured from the Superintendent of Documents, Washington 25, 
D. C., and vary in cost from 20 to 35 cents. A complete list of 
all handbooks dealing with the subject can be obtained from 
the same source. 


Peterson, R. E., and others: A Primer on Radiation Hazards 
for Physicians, A. M. A. Arch. Int. Med. 103: 308-328, 1959. 


As the title implies, the included material deals with basic 
facts relative to radiation hazards for physicians. In its preface 
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the article states: “Attempts have been made to quote authori- 
ties, but there is no intention to submit this as a handbook or 
authoritative guide.” Nonetheless, the material is extremely 
useful, and much of it is applicable for dental purposes. It is 
easily read and, where applicable, of a very practical nature. 
An excellent bibliography of some 107 reference sources is 1n- 
cluded. 


Richards, A. G.: Roentgen-Ray Doses in Dental Roentgen- 
ography, J. A. D. A. 56: 351-368, 1958; X-Ray Protection in the 
Dental Office, J. A. D. A. 56: 514-521, 1958; Secondary Radia- 
tion and the Dentist, J. A. D. A. 57: 31-38, 1958. 


These three articles deal with protection of both the patient 
and operator in an effective and relatively simple manner. They 
should be read and understood by all dentists who use ionizing 
radiation in the office. 


Schneir, W.: A Primer on Fallout, The Reporter, pp. 17-24, 
July 9, 1959. 


This is a kind of rabble-rousing approach in layman’s lan- 
guage to the problems of fallout. Jt is the sort of material dental 
patients are apt to read and ask questions about. It is informa- 
tive and provocative, but does not provide basic material that 
cannot be obtained in a more suitable fashion elsewhere. 


Scientific America, September, 1959. 


This entire issue is devoted to ionizing radiation. The nine 
articles composing the issue have a scope ranging from the phys- 
ical properties of ionizing radiation through biologic and evolu- 
tionary effects to uses in industry and effects and potentials for 
mankind. The authors were carefully selected and are out- 
standing in their respective fields. The material is easily read 
for the most part. 


194 A Survey of the Literature 


Somatic Radiation Dose for the General Population. Report of 
the Ad Hoc Committee of the National Committee on Radi- 
ation Protection and Measurements, 6 May 1959, Science 131: 
482-486, 1960. 


A maximum permissible dose (MPD) for radiation workers 
has been established previously. This report suggests a similar 
dose standard for individuals in the population at large. The 
report suggests that such levels, “excluding medical and dental 
sources of radiation, should not be substantially higher than 
the background level of natural radiation.” Background radi- 
ation is arbitrarily stated as 100 millirems per year. The report 
presumes that the average dose to the total population would 
be considerably less than the maximum permissible level for an 
individual. The report concludes with the statement that “any 
radiation dose should be thought of as being tolerated only to 
obtain compensatory benefits.” This article is brief and easily 
comprehended. An understanding of the content should be 1im- 
portant to the dental practitioner. 


Stanford, R. W., and Vance, J.: Quantity of Radiation Re- 
ceived by Reproductive Organs of Patients During Routine 
Diagnostic X-Ray Examinations, Brit. J. Radiol. 28: 266-273, 
1955. 


This article was among the first that related dental exposures 
(among many others) to radiation of the reproductive organs. 
It is, therefore, often quoted in the dental literature. Inter- 
polating the figures obtainable in this article, one finds on the 
average that for each roentgen produced at the skin in a dental 
roentgenographic examination, approximately 0.001 r reaches 
the male gonads and one-fifth this amount reaches the female 
organs. (Other, later investigative work has estimated this 
amount to be as little as 0.0001 r.) 
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Statement on Radioactive Fallout, American Scientist 46: 


138-150, summer 1958. 


This statement by the Advisory Committee on Biology and 
Medicine discusses fallout by citing the problem, estimating the 
gamma ray background radiation attributable to fallout as well 
as to the accumulation of strontium 90 (in the latter instance 
it mentions soil, milk, and human bones under conditions of 
stoppage, present rate, and increased rate of testing), analyzing 
the possibilities of tissue damage (i.e., general, genetic, leukemia, 
bone tumors, and life shortening), appraising the acceptability 
of possible damage, and offering recommendations. In general, 
the report recognizes certain potential dangers, particularly to 
isolated groups, from fallout, but implies that these dangers are 
negligible in the over-all situation. The reader cannot help 
recognize that the effects of ionizing radiation are of consider- 
ably greater magnitude as they relate to the use of x-radiation. 


The Biologic Effects of Atomic Radiation. (1) Summary Re- 
ports; (2) A Report to the Public, Washington, D. C., 1956, 
National Academy of Science-National Research Council. 


These reports, the second based on the former, produced by 
the National Academy of Science and the National Research 
Council, summarized the first technical findings and recommen- 
dations of six national committees charged with producing ob- 
jective information on the biologic effects of atomic radiations 
from the viewpoint of genetics, pathology, meteorology, ocean- 
ography and fisheries, agriculture and food supplies, and the 
disposal and dispersal of radioactive wastes. These excellent 
reports were the basis for much public concern and for con- 
tinuing study. They focused attention on the size and complexity 
of the problems which have been introduced as the Atomic 
Age commences. The reports are readable and understandable 
for educated persons; they present essential background of both 
historical and factual natures. 
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The Nature of Radioactive Fallout and Its Effects on Man. A 
Summery-Analysis of Hearings May 27 to 29 and June 3 to 7, 
1957, Before the Joint Committee on Atomic Energy of the 
United States Congress. 


This summary may be obtained from the U. S. Government 
Printing Office, Washington 25, D. C. It summarizes key points 
of the Hearings and outlines the major unresolved questions. 
It covers briefly the origin and distribution of fallout, biologic 
effects, tolerances, and effects of past and future tests and of nu- 
clear war. This booklet contains considerable authoritative ma- 
terial for public consumption. It is easily read and understood. 


The “Permissible” Radiation Burden, Consumer Reports 24: 
104-111, March, 1959. 


This is an interesting and helpful article for consumption by 
the lay population. It attempts to explain the intended mean- 
ing of the word “permissible” and to indicate its basis. It goes 
into the problems of fallout superficially and discusses the milk 
testing program in the United States. 


Uses and Effects of Atomic Radiation, The Scientific Monthly, 
January, 1957, pp. 3-23. 


In this issue several well-qualified persons, including Warren, 
Dunn, Hafsted, and Snyder, discuss the following topics: Radi- 
ation and the Human Body, Radiation and Genetics, Uses of 
Atomic Radiation and Energy, and What We Need to Know. 
This material can serve as excellent background material for 
interested dental practitioners. 


Wainwright, W. W., and Villanyi, A. A.: Radiation Hazards. 
In Practical Dental Monographs, Chicago, 1959, Year Book 
Publishers, Inc. 


This 31-page monograph discusses many of the salient fea- 
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tures covered in this text, but approaches some of the topics 
in a different manner. It presents the material in a very under- 
standable and easily readable fashion. 


Warren, Shields: Longevity and Causes of Death From Irradi- 
ation in Physicians, J. A. M. A. 162: 464, 1956. 


This important study demonstrates that the number of 
deaths from leukemia among medical radiologists is consider- 
ably higher than among nonradiologists (approximately eight 
times), that the percent of deaths caused by leukemia as com- 
pared with other causes is greater among radiologists than 
nonradiologists (approximately 4.8% versus 0.7%), and that the 
average life span of nonradiologists is on the average approxi- 
mately five years longer than radiologists. In mention of an 
unpublished survey of specialists, the article states: “Eleven 
dentists doing radiographic work received a weekly average ex- 
posure of 200 milliroentgens.” Warren’s work is refuted by other 
authors. The reader may be interested in reviewing Nos. 20 to 
23 in the bibliography.* 


There are innumerable articles in scientific and lay publica- 
tions dealing with ionizing radiation and its effects of man’s 
health and his economy. Those which have been briefly ab- 
stracted will serve to materially amplify the information made 
available in this text. A further listing of pertinent material 
will serve no useful purpose. Since much of the material pre- 
sented in this book is generally known, the bibliography is 
rather limited. However, the reader is referred to the authorita- 
tive material referred to specifically in the text. 





*The American Dental Association does not record the statistics 
on the causes of death and the longevity of dentists in as detailed a 
fashion as does the American Medical Association. If it did, it is 
possible that such figures would show a significant relationship between 
leukemia, general debility of tissue, early death, and excessive and im- 
proper use of x-radiation by dentists. 


GLOSSARY* 





absorbed dose that amount of energy imparted to matter by ionizing 
particles or electromagnetic waves per unit mass of irradiated ma- 
terial at the place of interest. The absorbed dose is expressed in 
rads. 

air dose a quantity of radiation measured in air (without the presence 
of other solid matter in the x-ray beam that might scatter secondary 
radiation into the measuring device). Dose is stipulated as at a given 
distance from the source of radiation and per unit volume of space 
measured. 

alpha rays (alpha particles) positively charged particulate ionizing 
radiation consisting of helium nuclei (two protons and two neutrons) 
traveling at high speeds. Such rays are emitted from the nucleus of 
an unstable element. 

aluminum equivalent the thickness of aluminum affording the same 
attenuation, under specified conditions, as the material in question. 

atom smallest particle of an element which is capable of entering into 
a chemical reaction. Basically, it is composed of a nucleus, contain- 
ing neutrons and protons, around which revolve electrons in a defi- 
nite orbital pattern. 

atomic energy a popular synonym for nuclear power. 

atomic number (Z) the number of electrons outside the nucleus of a 
neutral atom. According to present theory it is also the number of 
protons in the nucleus. 

attenuation a decrease in the dose rate of radiation due to the radi- 
ation passing through a material. 


*This glossary contains many terms that should be commonly un- 
derstood by the dentist; it also includes others of less direct impor- 
tance. Since knowledge about radiologic health is steadily broadening 
and becoming increasingly significant to both the profession and the 
public, it was felt wise to make this glossary as all-inclusive as possible 


within the limits of practicality. 
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average life (mean life) the average of the individual lives of all the 
atoms of a particular radioactive substance. It is 1.443 times the 
radioactive half-life. 


background radiation (background) ever-present effects above which a 
phenomenon must manifest itself in order to be measured. Back- 
ground can take various forms, depending on the nature of the 
measurement. In electrical measurements of radioactivity and nu- 
clear phenomena, the term usually refers to those undesired counts 
or currents that arise from cosmic rays, local contaminating radio- 
activity from the environment and in the laboratory, insulator leak- 
age, amplifier noise, power line fluctuations, and so on. For the 
dentist background implies radioactivity arising from nature. This in- 
cludes cosmic rays and radioactive elements in the earth and air. It 
does not include any type of man-made radiation. 

barrier see protective barrier. 

beam a unidirectional or approximately unidirectional flow of electro- 
magnetic radiation or of particles. 

beta decay see beta rays. 

beta rays (beta particles) particulate ionizing radiation consisting of 
negative electrons or positive electrons (positrons) emitted from 
the nucleus of an unstable element. Such a phenomenon is called 
beta decay. 

biologic effectiveness or relative biologic effectiveness (RBE) ability 
of all ionizing radiations to produce biologic effects. Certain types 
of radiation are more effective than others in that smaller absorbed 
doses of these radiations are required to produce a particular ef- 
fect. A comparison between one type of radiation and another with 
respect to this ability is known as the relative biologic effectiveness 
(RBE) of that type of radiation. Relative biologic effectiveness is 
expressed in numerals, usually from | to 10. 

blood count red count, the total number of red corpuscles per cubic 
millimeter of blood; total white count, the number of white cor- 
puscles per cubic millimeter of blood; differential white count, the 
number of each variety of white corpuscles in a count of 100. (The 
two most numerous varieties of white cells are polymorphonuclear 
leucocytes and lymphocytes.) Platelet count is the number of plate- 
lets per cubic millimeter of blood. 

bone seeker any compound or ion which migrates preferentially into 
bone in the living organism. 


cancer any malignant neoplasm. 
carcinogenic having the ability to produce cancer. 
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cathode rays any stream of electrons, as in a tube in which the source 
of the electrons is a heated filament. An older concept, but equally 
well accepted by the physicist, defines cathode rays as a stream of 
electrons emitted by the cathode of a gas discharge tube when the 
cathode is bombarded by positive ions. The former applies best to 
dental radiology. 

cell a minute protoplasmic mass which in the aggregate makes up or- 
ganized tissue. The cell consists of a circumscribed mass of cyto- 
plasm in which is a nucleus. In some of the low forms of life such 
as bacteria and viruses, a morphological nucleus is absent, but nucleo- 
proteins (and genes) are present (Dorland). 

chromosome one of a definite number of small dark-staining and more 
or less rod-shaped bodies situated in the nucleus of a cell. Chromo- 
somes are especially prominent at the time of cell division at which 
time they divide and distribute equally to the daughter cells. They 
contain genes arranged along their length. The number of chromo- 
somes in the somatic cells of an individual is constant (diploid 
number), whereas just half this number (haploid number) appears 
in germ cells; the number of chromosomes or diploid numbers, etc., 
within a species is usually constant. 

chromosome aberration any rearrangement of chromosome parts as a 
result of breakage and reunion of broken ends. 

concrete equivalent the thickness of concrete based on a density of 
2.35 Gm. per cubic centimeter (147 lb. per cubic foot) affording 
the same attenuation, under specified conditions, as the material in 
question. 

contaminated made radioactive by the addition of minute (sometimes) 
quantities of radioactive material. 

continuous spectra x-radiation see heterogenous radiation. 

corpuscular energy see radiation and radioactivity; also alpha rays and 
beta rays. 

cosmic rays radiation that has its origin outside of the earth’s at- 
mosphere. Cosmic rays are of extremely short wave lengths. They are 
able to produce ionization as they pass through the air and other 
matter and are capable of penetrating many feet of material such 
as lead and rock. The primary cosmic rays probably consist of 
atomic nuclei, mainly protons, some of which may have energies of 
the order of 101° to 1015 electron volts. Secondary cosmic rays are 
produced when the primary cosmic rays interact with nuclei and 
electrons, for example, in the earth’s atmosphere. Secondary cosmic 
rays consist mainly of mesons, protons, neutrons, electrons, and 
photons that have less energy than the primary rays. Practically 
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all of the primary cosmic rays are absorbed in the upper atmosphere. 
Almost all cosmic radiation observed at the earth’s surface is of the 
secondary type. 

counter a device for counting ionizing events. The term may refer to 
a complete instrument or loosely to the detector. 


critical tissues those tissues which either react most unfavorably to 
radiation or, by their nature, attract and absorb specific radio- 
chemicals. 


curie (c) a measurement which is in no way concerned with dental 
roentgenography. It is a measurement of radioactivity produced by 
the disintegration of unstable elements. The curie is that quantity 
of a radioactive nuclide in which the number of disintegrations per 
second is 3.700 x 1019 Since the curie is a relatively large unit, the 
millicurie (.001 curie) and the microcurie (one millionth of a 
curie) are more often used. It is important to note that the curie 
is based on the number of nuclear disintegrations and not on the 
number or amount of radiations emitted. Earlier the curie was de- 
fined as the quantity (grams) of radon in equilibrium with 1 gram 
of radium. 


cyclotron a device for accelerating charged particles to high energies 
by giving such particles a series of pushes. This is accomplished 
by a combination of a constant powerful magnetic field and an alter- 
nating high frequency electric charge. 


daughter a nuclide formed from the radioactive decay of another nu- 
clide which is called the parent. A synonym for decay product. 


decay, radioactive the spontaneous transformation of a nuclide into one 
or more different nuclides. The process involves the emission from 
the nucleus of alpha particles, protons, electrons, positrons, gamma 
rays, or the nuclear capture or ejection of orbital electrons, or fission. 
A synonym for radioactive disintegration. 


detector, radiation any device for converting radiant energy to a form 
more suitable for observation and/or recording. 


direct radiation see leakage radiation. 


disintegration a spontaneous nuclear transformation (radioactivity) 
characterized by the emission of energy from the nucleus. When 
numbers of nuclei are involved, the process is characterized by a 
definite half-life. It is considered to be induced disintegration if the 
transformation of one nuclide into one or more different nuclides 
has resulted from bombardment of a specific material with high- 
energy particles such as alpha particles, deuterons, protons, neutrons, 
or gamma rays. 
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dose according to current usage, the total radiation delivered to a 
specified area or volume or to the whole body. In radiology the 
dose may be specified in air, on the skin, or at some depth beneath 
the surface. No statement of dose is complete without specification of 
location. Dose can be expressed in terms of roentgens (or curies in 
the case of particulate energy) which would be an expression of the 
exposure dose, but the more modern and informative method is to 
express dose in terms of energy absorbed by tissue (e.g., ergs per 
gram; see rad). Dose in dental roentgenology is still properly ex- 
pressed as roentgens, usually as roentgens in air. 

dose, air x-ray dose expressed in roentgens delivered at a point in free 
air. It consists only of the radiation of the primary beam and that 
scattered from surrounding air and does not include backscatter 
from radiated matter, i.e., tissue. 

dose, cumulative the total accumulated dose resulting from a single or 
repeated exposure to radiation of the same region or of the whole 
body. If used in area monitoring, it represents the accumulated 
radiation exposure over a given period of time. 

dose, depth the radiation dose delivered at a particular depth beneath 
the surface of the body. It is usually expressed as percentage of 
surface dose or as a percentage of air dose. 

dose, doubling the amount of whole-body ionizing radiation, received 
by the gonads of the average person in the population, which will 
result over a period of several generations in doubling the present 
rate of spontaneous genetic mutations. A similar connotation but a 
different dose is used with reference to leukemia incidence. 

dose, exit dose of radiation at the surface of the body opposite to that 
on which the beam enters. 

dose fractionation a method of radiation administration in which doses 
are given daily or at longer intervals of time as contrasted to the 
administration of a single dose. 

dose, median lethal (MLD) dose of radiation required to kill, within a 
specified period, 50% of the individuals in a large group of animals 
or organisms. 

dose meter (dosimeter) any instrument which measures radiation dose. 

dose meter, integrating ionization chamber and measuring system de- 
signed for determining total accumulated radiation administered 
during an exposure. 

dose protraction a method of radiation administration delivered con- 
tinuously over a relatively long period at a relatively low dosage rate. 

dose rate; dosage rate radiation dose delivered per unit of time. 

dose rate meter any instrument which measures radiation dose rate. 
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dose, skin dose at the center of the irradiation field on skin. It is the 
sum of the air dose and backscatter plus the addition of the exit 
dose resulting from the radiation of other parts, if this is significant. 

dose, threshold the minimum dose that will produce a detectable degree 
of any given effect. 

dose, tissue dose received by a tissue in the region of interest. 

dose, tolerance a term based on the assumption that an individual can 
receive such a dose of radiation without any harmful effects. The 
term is now replaced by permissible dose. 

dose-effect curve a curve relating the dose of radiation with the effect 
produced. 


effective kilovoltage a sort of average kilovoltage, in an alternating 
current cycle, between the peak and zero kilovoltages. The effective 
kilovoltage ordinarily equals .707 multiplied by the peak kilovoltage. 

electron an elementary particle of rest mass me. equal to 9.107 x 10-28 
gm. and charge equal to 4.802 x 10-1° statcoulombs. Its charge 
may be either positive or negative. The positive electron is usually 
called a positron; the negative electron is sometimes called the 
negatron. Most frequently the term electron means negatron. The 
negative electron is a constituent of all atoms. 

electron volt the kinetic energy gained by an electron in falling through 
a potential difference of 1 volt. It is equivalent to 1.6 x 10-12 ergs. 
Kev and Mev refer to a thousand and million electron volts respec- 
tively. 

element a substance all of whose atoms have the same atomic number 
(i.e., same number of orbital electrons). This is a distinguishing 
characteristic. The atomic weight (mass) of an element may vary 
(this has to do with the number of neutrons in the nucleus) and 
thus produce a mixture of isotopes of the same element. 

exposure condition of being in the path of radiations. 

exposure, acute radiation exposure of short duration, usually of an in- 
tense nature. 

exposure, chronic radiation exposure of long duration, usually by frac- 
tionation or protraction in the case of therapy or of small daily 
doses in the case of radiation workers (including dentists). 


film badge appropriately packaged x-ray sensitive film for detecting 
radiation received by persons. It is usually dental-film size, worn or 
carried on the person. 

filter material placed in the useful beam to absorb preferentially the 
less penetrating radiations. 

filter, added filter added to the inherent filter. 
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filter, inherent filtration introduced by the glass wall of the x-ray tube, 
any oil used for tube immersion, and any permanent tube enclosure 
in the path of the useful beam. Some definitions include the pointed 
plastic cone on the dental x-ray machine, but this seems unjustified 
since open-ended cones are often used instead of pointed cones 
(i.e., it is not permanent). 

filter, total sum of inherent and added filters. 

fission the splitting of a nucleus into two fragments. Fission may occur 
spontaneously or may be induced by man-designed methods. In 
addition to the fission fragments, particulate radiation energy and 
gamma rays are usually produced during fission. 

fission products the nuclides produced by the fission of a heavy element 
nuclide. 

fluorescence the emission of electromagnetic radiation by a substance as 
the result of an absorption of energy from some other source of radi- 
ation, either electromagnetic or corpuscular (particulate). Such 
radiation is characterized by the fact that it occurs only as long as 
the stimulus responsible for it is maintained. 

fluorescent screen a sheet of material coated with a fluorescent sub- 
stance which emits light when irradiated with ionizing radiation. 

fusion the building up of a nucleus (increasing atomic mass) by the 
addition of neutrons and protons and with a simultaneous liberation 
of radiant energy under certain circumstances. 


gamma rays x-rays of shorter wave length than those ordinarily used 
in diagnostic medical and dental radiography which originate in the 
nuclei of atoms; a quantum of electromagnetic radiation emitted by 
a nucleus as a result of a quantum transition between two energy 
levels of the nucleus. For example, as a radioisotope decays, it gives 
off energy. Some of this energy may be in the form of gamma radi- 
ation. 

gene fundamental unit of inheritance located in the chromosome. It 
determines and controls hereditarily transmissible characteristics. 

genetic effects genetic effects of radiation are those changes produced 
in an individual’s genes and chromosomes of all nucleated body cells, 
both somatic and gonadal. The more frequent meaning relates to 
the effect produced in the reproductive cells. It is believed that any 
amount of radiation received by the gonads before the end of the 
reproductive period is likely to add to the number of undesirable 
genes present in the population. Such mutated genes may have no 
recognizable effect for a number of generations, but, potentially, 
practically all will eventually result in untoward changes in the 
form of spontaneous genetic abnormalities. 
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germ cells the cells of an organism whose function it is to reproduce 
an entity similar to the organism from which the germ cells origi- 
nated. They are characteristically haploid. 

gonad an ovary or a testis, site of origin of eggs or spermatozoa. 


half-life, biologic the time in which a living tissue, organ, or individual 
eliminates, through biologic processes, one half of a given amount of 
a substance which has been introduced into it. 

half-life, effective half-life of a radioactive isotope in a biologic organ- 
ism, resulting from the combination of radioactive decay and biologic 
elimination. 

Effective half-life = biological half-life x radioactive half-life 
biological half-life + radioactive half-life 

half-life, physical the average time (ty) required for the decay of one 
half of the atoms in a given amount of a radioactive substance. Each 
radionuclide (radioactive isotope or radioisotope) has a specific 
half-life. 

half-value layer (hvl) that thickness of a specified material (usually 
aluminum, copper, or lead) required to decrease the dosage rate of 
a beam of x-rays at a point of interest to one half of its initial 
value. A determination of the half-value layer of a given x-ray 
beam is used to denote the quality of the x-ray beam. The half-value 
layer will vary, depending on the kilovoltage peak and the amount 
of filtration at the source. 

hard x-rays x-rays of high penetrating power. 

heavy particles radiation particulate ionizing radiation consisting of 
atomic nuclei of any mass travelling at high speeds. 

heterogenous radiation x-rays having a very broad spectrum of wave 
lengths. The shortest wave length in a given spectrum is a function 
of the kilovoltage. Wave length in Angstrom units (A) = 12.4 + 
kvp. 

hot a colloquial term meaning highly radioactive. 


intensity of radiation energy flowing through a unit area perpendicular 
to the beam per unit of time. It is expressed in ergs per square 
centimeter or in watts per square centimeter. This is not synonomous 
with dose rate in air. 

inverse square law the strength of x-radiation from a point source 
varies inversely as the square of the distance. Thus, as the distance 
is doubled, the intensity of the beam will be quartered. This does 
not apply in theory to scatter radiation from a broader source al- 
though it may be used in a practical sense. 

ion a charged atom or molecularly bound group of atoms; sometimes 
also a free electron or other charged subatomic particle. An ion pair 
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consists of a positive ion and a negative ion (usually an electron) 
having charges of the same magnitude and formed from a neutral 
atom or molecule by the action of radiation. 

ionization the making of an electrically stable atom unstable by dis- 
placing or adding one or more units of electrical charge. Any 
process by which a neutral atom or molecule loses or gains electrons, 
thereby acquiring a net charge. 

ionizing radiation electromagnetic radiation (i.e., x-rays or gamma rays) 
or particulate radiation (i.e., electrons, neutrons, protons, etc.), 
usually of high energy, but, in any case, capable of ionizing air 
directly or indirectly. 

isotope one of several nuclides having the same number of protons in 
their nuclei (and electrons in the orbits outside the nucleus) and 
hence belonging to the same element, but differing in the number 
of neutrons and therefore in mass number (A), or in energy con- 
tent (isomers). In common usage, a synonym for nuclide. 


kev thousand electron volts 

kilovoltage peak (kvp) the crest value of the potential wave in kilovolts 
in an A.C. cycle. When only one half of the wave is used, the value 
refers to that of the useful half of the wave. 

kilovolts constant potential (kvcp) the potential in kilovolts of a con- 
stant voltage generator. 


latent period the time of delay between the exposure of an organism 
to irradiation and the manifestation of the changes produced by that 
radiation. This delay is dependent upon many factors; it particularly 
depends upon the magnitude of the dose. The larger the dose, the 
earlier is the appearance of the injury. In the instance of very small 
doses, the latent period for some effects may be as much as 25 
years or more. 

LD50 see dose, median lethal. 

LD50 time see median lethal time. 

lead equivalent the thickness of lead affording the same attenuation, 
under specified conditions, as the material in question. 

leakage radiation that radiation which escapes through the tube hous- 
ing area other than the aperture especially designed for the di- 
vergence of the primary or useful beam. Leakage radiation is some- 
times referred to as direct radiation. 

LET see linear energy transfer per unit length. 

linear energy transfer per unit length (LET) this term is comparable 
to specific ionization except that specific ionization ordinarily implies 
the number of ion pairs per unit length of track in air, whereas 
linear energy transfer refers to the transfer of energy in tissues. This 
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transfer of energy includes the energy required to produce ions and 
the energy imparted to other atoms and molecules that are not 
ionized but become excited. 


maximum permissible dose (MPD) see permissible dose, maximum. 

median lethal dose (LD 50) see dose, median lethal. 

median lethal time (MLT) time required, following administration of 
a specified dose of radiation, for death of 50% of the individuals 
in a large group of animals or organisms. 

Mev million electron volts. 

microcurie one millionth of a curie. 

milliampere seconds (mas) milliamperes times the number of seconds 
of use. This is an indication of x-ray quantity. 

milliamperes (ma) in radiologic work the amount of current flowing 
in the tube circuit. It is an indication of x-ray quantity. 

millicurie (mc) one thousandth of a curie. 

milliroentgen (mr) one thousandth of a roentgen. 

monitoring periodic or continuous determination of the dose rate in an 
occupied area (area monitoring) or the dose received by a person 
(personnel monitoring). 

monochromatic x-rays x-rays having a single or extremely narrow band 
of wave lengths. 

mutant an individual showing a mutation. 

mutation the clinical manifestation of the effects of gene mutation. 

mutation, gene a sudden and permanent change in a gene. The term 
mutation is sometimes used in a broader sense to include chromo- 
some aberrations as well. 

mutation, lethal mutation leading to death of the offspring at any stage. 


neoplasm a new growth of cells which is more or less unrestrained and 
not governed by the limitations of normal growth. 
benign some degree of growth restraint and no spread to distant 
parts. 
malignant invasive growth into the tissues of the host, probably 
with spreading to distant parts. 
neutron a nuclear particle of zero charge and mass number 1. Neutrons 
are a constituent of all nuclei except hydrogen (,H!'). 
meutron rays particulate ionizing radiation consisting of neutrons that 
either possess enough kinetic energy to set in motion, by impact, nu- 
clei of atoms with sufficient velocity to ionize matter, or enter into 
nuclear reactions that result in the emission of ionizing radiation. 
The former variety is usually called fast neutrons and the latter 
thermoneutrons, with gradations of epithermal and slow neutrons in 
between. 
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nuclear reactor see reactor. 

nucleus the positively charged core of an atom with which is associated 
practically the whole mass of the atom, but only a minute part of its 
volume. 

nuclide a species of a given atom characterized by the constitution of 
its nucleus. (The make-up of the orbital electron arrangement re- 
mains constant.) The nuclear constitution is specified by the number 
of protons (Z), number of neutrons (N), and energy content. The 
terms nuclide and isotope tend to be used interchangeably. 


occupied area an area that may be occupied by persons or radiation- 
sensitive materials. 
opaque preventing the passage of radiation or particles. 


parent (radioactive precursor) a radionuclide that upon disintegration 
yields a specified nuclide, the daughter, either directly or as a later 
member of a radioactive series. Thus uranium 238 is the parent of 
all members of the uranium series, including the end product, lead 
206 (stable lead). 

particulate energy see radiation and radioactivity; also alpha rays, beta 
rays, and heavy particles radiation. 

permissible dose that total dose of ionizing radiation that in the light 
of present knowledge is not expected to cause appreciable bodily 
injury to a person at any time during his lifetime. 

permissible dose, maximum the maximum permissible dose (MPD) is 
that dose which just meets the requirements of the permissible dose 
or the weekly permissible dose. Any amount less than this is not ex- 
pected to be harmful, but any amount more than this could be 
expected to cause bodily injury to a person if such an individual 
were to receive excessive amounts over multiple periods in his life- 
time. It is now recommended for radiation workers (dentists in- 
cluded) that exposure for the adult whole body (after 18 years of 
age) to x-rays for an indefinite period of years be limited to a 
permissible maximum weekly dose of 100 mr. Certain of the body 
tissues could safely absorb more than 100 mr. per week.* 

permissible weekly dose a dose of ionizing radiation accumulated in one 
week of such magnitude that, in the light of present-day knowledge, 
exposure at this weekly rate for an indefinite period of time is not 
expected to cause appreciable body injury to a person at any time 
during his lifetime. 

photon a synononym for bullets or quanta of electromagnetic radiant 
energy emitted and propagated from various types of radiation 


*See Appendix for more explicit details. 


Glossary 209 


sources. The term should not be used alone, but should be qualified 
by terms which will clarify the type of energy. Such terms would 
include light photon, ultraviolet photon, x-ray photon, etc. 

pocket chamber a small, pocket-sized ionization chamber (similar in 
shape to a fountain pen) used for monitoring radiation exposure 
of personnel. Before use it is given a charge, and the amount of 
discharge is a measure of the quantity of radiation received. An 
auxiliary charging and reading device is necessary. 


pocket dosimeter see pocket chamber. 

primary radiation radiation coming directly from the target of the 
x-ray tube. Except for the useful beam, most of this radiation is 
absorbed in the tube housing. 

protection provisions designed to reduce exposure of personnel and 
patients to radiation. For external radiation, this consists in the use 
of protective barriers of radiation-absorbing material, in ensuring 
adequate distance from radiation sources, in reducing exposure time, 
and in filtering and collimating or a combination of these. For 
internal sources (i.e., when radioisotopes are being used) it involves 
measures to restrict inhalation, ingestion, or other modes of entry 
of radioactive material into the body. 

protection survey evaluation of the radiation hazards incidental to the 
production, use, or existence of radioactive materials or other sources 
of radiation under a specific set of conditions. It customarily includes 
a physical survey of the arrangement and use of equipment, and 
measurements of the dose rates of radiation under expected con- 
ditions of use. 

protective apron apron made of attenuating materials used to reduce 
radiation hazards both to patient and personnel. 

protective barriers materials of proper composition which will absorb 
and thus attenuate radiation. Protective barriers may be subdivided 
into primary and secondary protective barriers. The primary pro- 
tective barrier is that which can be expected to absorb radiation in 
the useful primary beam. Secondary barriers are those which can 
be expected to absorb radiation produced by the effect of the pri- 
mary beam on a secondary substance. Ordinarily a protective barrier 
in a dental office should be a primary type because the direction of 
the rays is adjustable, and they may at some time point directly 
toward the barrier material. 

protective glove glove made of attenuating materials used to reduce 
radiation hazards. 

protective tube housing an x-ray tube enclosure that provides radiation 
protection. 
Diagnostic one that reduces the leakage radiation to at most 0.10 r 
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per hour at a distance of 1 meter from the tube target when 
the tube is operating at its maximum continuous rated current 
for the maximum rated voltage. 

Therapeutic one that reduces the leakage radiation to at most 1 r 
per hour at a distance of 1 meter from the tube target and 1 r 
per minute at any point on the surface of the housing when the 
tube is operating at its maximum continuous rated current for 
the maximum rated voltage. 


qualified expert a person suited by training and experience to perform 
dependable radiation surveys, to oversee radiation monitoring, to 
estimate the degree of radiation hazard, and to advise regarding 
radiation hazards. 

quality of x-rays refers in a general way to the penetrating power of 
the x-ray beam. The higher the quality, the greater the penetration 
will be. Soft x-rays are of low penetrating power; hard x-rays are 
of high penetrating power. 

quantity of radiation radiation intensity multiplied by time. 


rad a unit of absorbed dose; 100 ergs of absorbed energy per gram 
of absorbing material. (see also roentgen absorbed dose.) 

radiation the emission and propagation of energy through space or 
through a material medium in the form of waves or quanta; for in- 
stance, the emission and propagation of electromagnetic waves, or 
of sound and elastic waves or of nuclear particles. 
The general term radiation, or radiant energy, when unqualified, 
usually refers to electromagnetic radiation; such radiation commonly 
is classified, according to frequency, as Hertzian, infrared, visible 
(light), ultraviolet, x-rays, and gamma ray. By extension, corpuscular 
emissions, such as alpha and beta radiations, or rays of mixed or 
unknown type, such as cosmic radiation, are included. 
In radiology, the unqualified term refers to ionizing radiation pri- 
marily. For present purposes ionizing radiation can be thought of as 
x-rays, high-speed electrons up to 2 Mev, and alpha, beta, and 
gamma rays, but not sound or radio waves, nor visible, infrared, 
or ultraviolet light. 

radiation, direct term often used to mean primary radiation. In a more 
accurate sense it is leakage radiation which has escaped through the 
tube housing in an area other than through the aperture designed 
for the escape of the primary or useful beam. 

radiation field region in which energy is being propagated. 

radiation hazard any situation in which persons might be exposed to 
radiation in excess of the maximum permissible dose. 
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radiation, leakage all radiation coming from within the tube housing, 
except the useful beam. 

radiation, primary see primary radiation. 

radiation sickness following bomb disaster a syndrome with varying 
symptoms following various degrees of intensity of exposure to 
ionizing radiations. Depending on the amount of radiation, a few 
hours after exposure nausea and vomiting appear, last a few hours 
and then subside for a variable interval. After this quiescent period 
a recurrence of nausea and vomiting may be accompanied by mucous 
or bloody diarrhea, purpura, epilation, and agranulocytic infections. 
The illness may vary in severity and may go on to death, or partial 
or apparently complete recovery may ensue. The more intense the 
early symptoms and the shorter the period of remission, the more 
serious will be the final outcome. 


radiation sickness following radiation therapy a self-limited syndrome 
characterized in varying degrees by nausea, vomiting, diarrhea, and 
psychic depression, following exposure to appreciable doses of ioniz- 
ing radiation, particularly to the abdominal region. Its mechanism 
is unknown. It usually comes on a few hours after a treatment and 
may subside within a day. It may be sufficiently severe to necessitate 
interrupting the treatment series or to incapacitate the patient. 


radiation survey see protection survey. 


radiation therapy treatment of disease with any type of radiation. 
Treatment of disease with any ionizing radiation is usually termed 
radiotherapy. 


radioactivity (1) spontaneous nuclear disintegration with emission of 
corpuscular or electromagnetic radiations. The principal types of 
radioactivity are alpha disintegration, beta decay (negatron emission, 
positron emission, and electron capture), and isomeric transition. 
Double-beta decay is another type that has been postulated, and 
spontaneous fission and the spontaneous transformations of mesons 
are sometimes considered types of radioactivity. To be considered 
radioactive, a process must have a measurable lifetime between 
approximately 10-19 sec. and —1017 years, according to present ex- 
perimental techniques. Radiations emitted within a time too short 
for measurement are called prompt; however, prompt radiations, in- 
cluding gamma rays, characteristic x-rays, conversion and Auger 
electrons, delayed neutrons, and annihilation radiation, are often 
associated with radioactive disintegrations since their emission may 
follow the primary radioactive process. 
(2) a particular radiation component from a radioactive source, 
such as gamma radioactivity. 
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(3) a radionuclide, such as radioactivity produced in a bombard- 
ment. 
(4) a synonym for activity. 

radiochemical analysis the determination of the absolute disintegration 
rate of a radionuclide in a mixture based on the counting rate of a 
sample that has been separated and purified, in measured yield, by 
appropriate chemical procedures. 

radiology the science of radiant energy and radiant substances; es- 
pecially that branch of medical sciences which deals with the use of 
radiant energy in the diagnosis and treatment of disease (American 
College of Radiology). (X-rays and radioactive substances included.) 
Roentgenology is similar in many respects to radiology, but it is 
usually described as the branch of radiology which deals with the 
diagnostic and therapeutic use of roentgen rays. (X-rays are in- 
cluded, but radioactive substances are excluded in roentgenology.) 
In dental usage the therapeutic use of roentgen rays is not included. 

radionuclide synonym for radioactive nuclide. 

radioresistance relative resistance of cells, tissues, organs, or organisms 
to the injurious action of radiation. 

radiosensitivity relative susceptibility of cells, tissues, organs, organisms, 
or any substances to the injurious action of radiation. Radioresistance 
and radiosensitivity are at present employed in a qualitative or 
comparative sense, rather than in quantitative or absolute one. 

RBE relative biological effectiveness; see biologic effectiveness. 

reactor an assembly capable of sustaining an appreciable nuclear reac- 
tion; fission reactor; an assembly capable of sustaining a fission chain 
reaction. The term reactor may be modified by the words thermal, 
epithermal, intermediate, or fast to indicate the predominant energy 
of the neutrons causing fission. 

relative biological effectiveness (RBE) see biological effectiveness. 

rem see roentgen equivalent, man. 

rep see roentgen equivalent, physical. 

roentgen (r) the quantity of x-radiation or gamma radiation such that 
the associated corpuscular emission per 0.001293 grams of air pro- 
duces, in air, ions carrying 1 esu of electricity of either sign. Asso- 
ciated corpuscular emission is the full complement of secondary 
charged particles (usually limited to electrons) associated with an 
x-ray or gamma ray in its passage through matter. 

roentgen absorbed dose (rad) a relatively new unit used to measure 
the absorbed dose of any type of ionizing radiation in any medium. 
One rad represents an energy absorption of 100 ergs per gram. The 
rad is a somewhat larger unit than a roentgen since the roentgen is 
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equal to 83 ergs of energy absorbed per gram of air or 93 ergs of 
energy absorbed per gram of soft tissue. The rad, however, is more 
nearly equivalent to the roentgen in mixed body tissue (hard and 
soft), and it is thus applicable to human exposure. 

roentgen equivalent, man (rem) the dose of any ionizing radiation that 
will produce the same biologic effect in man as that produced from 
the absorption of 1 r of x-radiation or gamma radiation. 

roentgen equivalent, physical (rep) unit of dose used with ionizing 
radiation other than x-rays or gamma rays. It is defined as that 
dose which produces an energy absorption of 93 ergs per gram of 
tissue. For most purposes it can be considered equal to the rad; the 
latter is gradually replacing the use of rep. 

roentgen rays x-rays produced by bombarding a metallic target with 
high-speed electrons. 

roentgenology see radiology. 

scattered radiation radiation that, during passage through a substance, 
has been deviated in direction. It may also have been modified by 
an increase in wave length. It is one form of secondary radiation. 


scattering the change in direction of a particle or ray owing to a colli- 
sion with another particle or a system. 

secondary radiation radiation emitted by any matter being irradiated 
with x-rays. It is usually thought of as radiation energized by the 
primary radiation, but it includes the primary radiation if it has 
been deviated in direction. 

sex linkage the inheritance of certain characteristics which are de- 
termined by genes located in the sex chromosomes. 

shield a body of material used to prevent or reduce the passage of 
particles or radiation. A shield may be designated according to what 
it is intended to absorb, such as a gamma ray shield or neutron 
shield, or according to the kind of protection it is intended to give, 
such as a background, biologic, or thermal shield. The shield of a 
nuclear reactor is a body of material surrounding the reactor to 
limit the escape of neutrons and radiation into the protected area. 
Shields may be required for the safety of personnel or to reduce 
radiation sufficiently to allow use of counting instruments for re- 
search or for locating contamination or air-borne radioactivity. 


skin dose see dose, skin. 

specific-area radiation the radiation of a particular, relatively small, 
segment of the body. 

stable incapable of spontaneous changes. A stable nuclide is one that 
is not radioactive. 
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stray radiation radiation not serving any useful purpose. It includes 
leakage and secondary radiations. 

survival curve curve obtained by plotting number or percentage of 
organisms surviving at a given time against dose of radiation, or 
curve showing percentage of individuals surviving at different in- 
tervals after a particular dose of radiation. 


tissue dose see dose, tissue and dose, skin. 

tracer a foreign substance mixed with or attached to a given substance 
to enable the distribution or location of the latter to be determined 
subsequently. A radioactive tracer is a physical or chemical tracer 
having radioactivity as its distinctive property. 


unstable capable of undergoing spontaneous change. An unstable state 
of a nuclide is called radioactive. An unstable state of a system is 
called excited. 

useful beam that part of the primary radiation that passes through the 
aperture, cone, or other collimator. 


whole-body radiation exposure of the entire body to penetrating radi- 
ation. In theory, all cells in the body receive the same over-all dose. 


X-ray apparatus any source of x-rays and its high-voltage supply. 

x-ray installation the area of radiation hazard under the administrative 
control of the person or organization possessing an x-ray source. 

x-rays electromagnetic ionizing radiation. They are classified into low 
voltage x-rays up to 140 kv; high voltage x-rays from 140 to 250 
kv; super voltage x-rays from 250 kv to 3 mv, and multimillion volt 
x-rays which are generated by voltages higher than 3 mv. (See also 
Roentgen rays.) 

x-rays, hard x-rays of high penetrating power. 

x-rays, soft x-rays of low penetrating power. 


Z a symbol for atomic number. 


APPENDIX 


The most recent authoritative information in maximum per- 
missible radiation exposure to man has recently been published 
as an addendum to National Bureau of Standards Handbook 
59, Permissible Dose From External Sources of Ionizing Radi- 
ation. The material presented in the foregoing pages of this 
text and this addendum are basically in agreement. The adden- 
dum is presented in total in order to make the most recent 
concepts available. 


Addendum to National Bureau of Standards Handbook 59, 
Permissible Dose From External Sources of Ionizing Radiations 
(Extends and replaces insert of January 8, 1957) 


(This addendum will necessitate changes in the following NBS 
Handbooks: 42, 48, 49, 50, 51, 52, 53, 54, 55, 56, 58, 60, and 61.) 


MAXIMUM PERMISSIBLE 
RADIATION EXPOSURES TO MAN 


Introduction 


On January 8, 1957, the National Committee on Radiation Protec- 
tion and Measurements issued a Preliminary Statement setting forth 
its revised philosophy on Maximum Permissible Radiation Exposures 
to man.! Since that time several of the NCRP subcommittees have 
been actively studying the necessary revisions of their respective hand- 
books. These studies have shown the need for (1) clarification of the 
earlier statement and (2) modification or extension of some of the con- 
cepts in that statement. Furthermore, the International Commission 
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on Radiological Protection has made minor changes in their recom- 
mendations. Accordingly the NCRP has prepared a set of guides, 
given below, that will assure uniformity in the basic philosophy to be 
embodied in the various handbooks. Since many of the handbooks are 
followed closely in planning radiation operations in the United States, 
and since the modification of a handbook may require many months 
of effort, it seems wise to make the over-all guiding principles available 
in advance of the reissuance of the revised handbooks. These guides 
are not designed to take the place of any of the handbooks; the prin- 
ciples given below will be extensively treated later in appropriate places. 
In the meantime, handbook revisions or supplementary statements will 
be issued as rapidly as possible. 

Since the statement of an average per capita dose for the whole 
population does not directly influence the substance of the NCRP 
Handbooks, no further statements regarding such a number will be 
made at this time. In any discussion of the MPD it is impractical to 
take into consideration the dose from natural background and medical 
or dental procedures. 

The changes in the accumulated MPD are not the result of positive 
evidence of damage due to use of the earlier permissible dose levels, 
but rather are based on the desire to bring the MPD into accord 
with the trends of scientific opinion; it is recognized that there are still 
many uncertainties in the available data and information. Considera- 
tion has also been given to the probability of a large future increase in 
radiation uses. In spite of the trends, it is believed that the risk 
involved in delaying the activation of these recommendations is very 
small if not negligible. Conditions in existing installations should 
be modified to meet the new recommendations as soon as practicable, 
and the new MPD limits should be used in the design and planning of 
future apparatus and installations. Because of the impact of these 
changes and the time required to modify existing equipment and 
installations, it is recommended on the basis of present knowledge that 
a conversion period of not more than 5 years from January 1957 
(see footnote 1) be adopted within which time all necessary modifica- 
tions should be completed. 

The basic rules and the operational guides outlined below are in- 
tended to be in general conformity with the philosophy expressed in the 
1953 statements of the ICRP, as revised in April 1956 and March 1958. 


Guides for the Preparation of NCRP Recommendations 


It is agreed that we should make clear distinction between basic 
MPD rules or requirements, and operational or administrative guides 
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to be used according to the special requirements in any particular 
situation. Guides have the distinct value of retaining some reason- 
able degree of uniformity in the interpretation of the basic rules. 

The risk to the individual is not precisely determinable but, however 
small, it is believed not to be zero. Even if the injury should prove 
to be proportional to the amount of radiation the individual receives, 
to the best of our present knowledge, the new permissible levels are 
thought not to constitute an unacceptable risk. Since the new rules 
are designed to limit the potential hazards to the individual and to the 
reproductive cells, it is therefore, necessary to control the radiation 
dose to the population as a whole, as well as to the individual. For 
this reason, maximum permissible doses are set for the small percentage 
of the whole population who may be occupationally exposed, in order 
that they not be involved in risks greater than are normally accepted 
in industry. Also, radiation workers represent a somewhat selected 
group in that individuals presumably of the greatest susceptibility 
(i.e., infants and children) are not included. However, for the persons 
located immediately outside of controlled areas but who may be 
exposed to radiation originating in controlled areas, the permissible 
level is adjusted downward from that in the controlled area because 
the number of such persons may not be negligible. With this down- 
ward adjustment, the risk to the individual is negligible so that small 
transient deviations from the prescribed levels are unimportant. 

Controls of radiation exposure should be adequate to provide reason- 
able assurance that recommended levels of maximum _ permissible 
dose shall not be exceeded. In addition, the NCRP reemphasizes its 
long-standing philosophy that radiation exposures from whatever sources 
should be as low as practical. 


Definitions 


For the purposes of these guides, the following definitions are given: 

Controlled area. A defined area in which the occupational exposure 
of personnel to radiation or to radioactive material is under the super- 
vision of an individual in charge of radiation protection. (This im- 
plies that a controlled area is one that requires control of access, occu- 
pancy, and working conditions for radiation protection purposes. ) 

Workload. The output of a radiation machine or a radioactive 
source integrated over a suitable time and expressed in appropriate 
units. 

Occupancy factor. The factor by which the workload should be mul- 
tiplied to correct for the degree or type of occupancy of the area in 
question. 
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RBE dose. RBE stands for relative biological effectiveness. An RBE 
dose is the dose measured in rems. (This is discussed in the report of 
the International Commission on Radiological Units and Measurements, 


1956, NBS Handbook 62, p. 7.) 


Basic Rules 


1. Accumulated Dose (Radiation Workers). 

A. External exposure to critical organs. 

Whole body, head and trunk, active blood-forming organs, or gonads: 
The maximum permissible dose (MPD), to the most critical organs, 
accumulated at any age, shall not exceed 5 rems multiplied by the 
number of years beyond age 18, and the dose in any 13 consecutive 
weeks shall not exceed 3 rems.? 

Thus the accumulated MPD = (N —- 18) x 5 rems, where N is the 
age in years and is greater than 18. 

CoMMENT: This applies to radiation of sufficient penetrating 
power to affect a significant fraction of the critical tissue. (This 
will be enlarged upon in the revision of H59.) 

B. External exposure to other organs. 

Skin of whole body: MPD = 10 (N --18) rems, and the dose in any 
13 consecutive weeks shall not exceed 6 rems.? 

ComMENT: This rule applies to radiation of low penetrating 
power. See figure 2, H59. 

Lens of the eyes: The dose to the lens of the eyes shall be limited by 
the dose to the head and trunk (A, above). 

Hands and forearms, feet and ankles: MPD = 75 rems/year, and the 
dose in any 13 consecutive weeks shall not exceed 25 rems.? 

C. Internal exposures. 

The permissible levels from internal emitters will be consistent as 
far as possible with the age-proration principles above. Control of 
the internal dose will be achieved by limiting the body burden of 





2The quarterly limitation of 3 rems in 13 weeks is basically the same 
as in H59 except that it is no longer related to the old weekly dose limit. 
The yearly limitation is 12 rems instead of the 15 rems as given in the 
NCRP preliminary recommendations of January 8, 1957. 

3This is similar to the 1954 (H59) recommendations in that the per- 
missible skin dose is double the whole-body dose. H59 made no state- 
ment regarding a 13-week limitation. 

4This is basically the same as the 1954 (H59) recommendations ex- 
cept for the 13-week limitation. 
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radioisotopes. This will generally be accomplished by control of the 
average concentration of radioactive materials in the air, water, or 
food taken into the body. Since it would be impractical to set different 
MPC values for air, water, and food for radiation workers as a function 
of age, the MPC values are selected in such a manner that they conform 
to the above-stated limits when applied to the most restrictive case, 
viz., they are set to be applicable to radiation workers of age 18. Thus, 
the values are conservative and are applicable to radiation workers 
of any age (assuming there is no occupational exposure to radiation 
permitted at age less than 18). The factors entering into the calcula- 
tions will be dealt with in detail in the forthcoming revision of Hand- 
book 52. 

The maximum permissible average concentrations of radionuclides 
in air and water are determined from biological data whenever such 
data are available, or are calculated on the basis of an averaged annual 
dose of 15 rems for most individual organs of the body,5 30 rems when 
the critical organ is the thyroid or skin, and 5 rems when the gonads 
or the whole body is the critical organ. For bone seekers the maximum 
permissible limit is based on the distribution of the deposit, the RBE, 
and a comparison of the energy release in the bone with the energy 
release delivered by a maximum permissible body burden of 0.1 ug Ra?2é6 
plus daughters. 

2. Emergency Dose (Radiation Workers). 

An accidental or emergency dose of 25 rems to the whole body or a 
major portion thereof, occurring only once in the lifetime of the person, 
need not be included in the determination of the radiation exposure 
status of that person (see p. 69, H59).¢ 

3. Medical Dose (Radiation Workers). 

Radiation exposures resulting from necessary medical and dental 
procedures need not be included in the determination of the radiation 
exposure status of the person concerned.® 

4. Dose to Persons Outside of Controlled Areas. 

The radiation or radioactive material outside a controlled area, attrib- 
utable to normal operations within the controlled area, shall be such 
that it is improbable that any individual will receive a dose of more 
than 0.5 rem in any | year from external radiation. 

The maximum permissible average body burden of radionuclides in 
persons outside of the controlled area and attributable to the opera- 
tions within the controlled area shall not exceed one-tenth of that for 


5This is basically the same as the 1953 (H52) recommendations. 
6This is the same as the 1954 (H59) recommendations. 
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radiation workers.? This will normally entail control of the average 
concentrations in air or water at the point of intake, or rate of intake to 
the body in foodstuffs, to levels not exceeding one-tenth of the maximum 
permissible concentrations allowed in air, water, and foodstuffs for occu- 
pational exposure. The body burden and concentrations of radio- 
nuclides may be averaged over periods up to 1 year. 

The maximum permissible dose and the maximum permissible 
concentrations of radionuclides as recommended above are primarily 
for the purpose of keeping the average dose to the whole population as 
low as reasonably possible, and not because of specific injury to the 
individual. 

CoMMENT: Occupancy-factor guides will be needed by several of 
the subcommittees. It will be important that these do not differ 
markedly between different handbooks. The Executive Committee 
will endeavor to establish a set of uniform occupancy-factor guides. 


Operational and Administrative Guides 


3. The maximum dose of 12 rems in any 1 year as governed by the 
13 week limitation, should be allowed only when adequate past and 
current exposure records exist. The allowance of a dose of 12 rems 
in any 1 year should not be encouraged as a part of routine operations; 
it should be regarded as an allowable but unusual condition. The 
records of previous exposures must show that the addition of such a 
dose will not cause the individual to exceed his age-prorated allowance. 

6. The full 3-rem dose should not be allowed to be taken within a 
short time interval under routine or ordinary circumstances (however, 
see paragraph 2 on Emergency Dose above.) Desirably, it should be 
distributed in time as uniformly as possible and in any case the dose 
should not be greater than 3 rems in any 13 consecutive weeks. When 
the individual is not personally monitored and/or personal exposure 
records are not maintained, the exposure of 12 rems in a year should 
not be allowed; the yearly allowance under these circumstances should 
be 5 rems, provided area surveys indicate an adequate margin of 
safety. 

7. When any person accepts employment in radiation work, it shall 
be assumed that he has received his age-prorated dose up to that time 
unless (1) satisfactory records from prior radiation employment show 
the contrary, or (2) it can be satisfactorily demonstrated that he has 
not been employed in radiation work. This is not to imply that such 
an individual should be expected to routinely accept exposures at 


7This is basically the same as the recommendations of January 8, 1957. 
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radiation levels approaching the yearly maximum of 12 rems up to the 
time he reaches his age-prorated limit. Application of these principles 
will serve to minimize abuse. 


8. The new MPD standards stated above are not intended to be 
applied retroactively to individuals exposed under previously accepted 
standards. 


9. It is implicit in the establishment of the basic protection rules that 
at present it is neither possible nor prudent to administer a suitably 
safe radiation protection plan on the basis of yearly monitoring only. 
It is also implicit that at the low permissible dose levels now being rec- 
ommended, there is fairly wide latitude in the rate of delivery of this 
dose to an individual so long as the dose remains within the age- 
prorated limits specified above. In spite of a lack of clear evidence of 
harm due to irradiation at dose rates in excess of some specified level, 
it is prudent to set some reasonable upper limit to the rate at which an 
occupational exposure may be delivered. Therefore, it has been agreed 
that the dose to a radiation worker should not exceed 3 rems in any 
13 consecutive weeks. 


10. The latitude that may appropriately be applied in the opera- 
tional and administrative control of occupational exposure will be dic- 
tated by two major factors (a) the type of risk involved and the likeli- 
hood of the occurrence of over-exposures and (b) the monitoring 
methods, equipment, and the dose recording procedures available to 
the radiation users. Where the hazards are minimal and not likely to 
change from day to day or where there are auxiliary controls to insure 
that the 13-week limitation will not be exceeded, the integration may 
be carried out over periods up to 3 months. Where the hazards are 
significant and where the exposure experience indicates unpredictability 
as to exposure levels, the doses should be determined more frequently, 
such as weekly, daily, hourly, or oftener, as may be required to limit 
the exposure to permissible values. 


11. For the vast majority of installations (medical and industrial), 
operation is more or less routine and reasonably predictable and it 
may be expected that their monitoring procedures will be minimal. 
For such installations the protection design should be adequate to 
insure that over-exposures will not occur—otherwise frequent sampling 
tests should be specified. Where film badges are used for monitoring, 
it is preferable that they be worn for 4 weeks or longer, since otherwise 
the inaccuracy of the readings may unduly prejudice the radiation 
history of the individual. Where operations are not routine or are sub- 
ject to unpredictable variations that may be hazardous, self-reading 
pocket dosimeters, pocket chambers, or other such devices should also 
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be worn and should be read daily or more often as circumstances 
dictate. 

12. Except for planning, convenience of calculation, design, or ad- 
ministrative guides, the NCRP will discontinue the use of a weekly 
MPD or MPC.8 

13. The Committee has deliberately omitted the discussion of future 
exposure forfeiture for exposures exceeding the MPD on the grounds 
that any such statements might lend encouragement to the unnecessary 
use of forfeiture provisions. 





8This represents a minor change from the NCRP recommendations 
of January 8, 1957, but no change in the basic MPD. 


April 15, 1958. 


Suppliers of Barrier Materials* 


Ameray Corp. General Electric Co. 

Route 46 X-Ray Dept. 

Kenvil, N. J. 4855 Electric Ave. 

Andel & Co. Milwaukee 1, Wis. 

5218 N. Kedzie Ave. General Lead Construction Corp. 
Chicago, III. 1800 Harrison Ave. 


K , N. J. 
Bar-Ray Products, Inc. rey J 


209 25th St. Keleket X-Ray Corp. 
Brooklyn 32, N. Y. Covington, Ky. 
Division Lead Co. Keller Products, Inc. 
7742 W. 61st Pl. 37 Union 

Summit, II. Manchester, N. H. 





*From Richards, A. G., and others: X-Ray Protection in the Dental 
Office, J. A. D. A. 56: 519, 1958. 


The reader is also referred to the Buyers’ Guide Issue of Nucleonics 
(published annually); may be obtained by writing to Fulfillment Man- 
ager, Nucleonics, 330 W. 42nd St., New York 36, N. Y. 


Four pound sheet lead (4 lb. per square foot, 4g inch thick) can be 
obtained locally from plumbing supply houses. Lead rubber aprons are 
available from several companies in this list. A minimum lead equivalent 
of 0.5 mm. is recommended. Thicknesses less than this are most useful 
as absorbers of secondary radiation. 


O. G. Kelley & Co. 
98 Taylor St. 
Dorchester 22 
Boston, Mass. 


Met-l-Wood Corp. 
6755 W. 65th St. 
Chicago 38, IIl. 


Ray Proof Corp. 
843 Canal St. 
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P.O. Box 1454 
Stamford, Conn. 


Westinghouse Electric Corp. 
X-Ray Div. 
Baltimore, Md. 


Wolf X-Ray Products, Inc. 
59 Bank St. 
New York 14, N. Y. 


Film Badge Service* 


American Electronics, Inc. 
9459 W. Jefferson Blvd. 
Culver City, Calif. 


Atomic Research Laboratory 
10717 Venice Blvd. 
Los Angeles 34, Calif. 


Bar-Ray Products, Inc. 
209 25th St. 
Brooklyn 32, N. Y. 


Cambridge Instrument Co., Inc. 
Grand Central Terminal 
New York 17, N. Y. 


Isotopes Specialties Co. 
703 S. Main St. 
Burbank, Calif. 


R. S. Landauer, Jr. & Co. 
24 Plaza 
Park Forest, IIl. 





Nuclear Consultants, Inc. 
31-61 Crescent St. 
Long Island City 6, N. Y. 


Nuclear Corp. of America, Inc. 
350 Fifth Ave. 
New York 1, N. Y. 


Nuclear Instrument & Chemical 
Corp. 

229 W. Erie St. 

Chicago 10, Il. 


Nucleonic Corp. of America 
196 DeGraw St. 
Brooklyn 31, N. Y. 


Picker X-Ray Corp. 
25 S. Broadway 
White Plains, N. Y. 


Radiation Detection Co., Inc. 
576 College Ave. 
Palo Alto, Calif. 


*From Richards, A. G., and others: X-Ray Protection in the Dental 


Office, J. A. D. A. 56: 520, 1958. 


The reader is also referred to the Buyers’ Guide Issue of Nucleonics 
(published annually); may be obtained by writing to Fulfillment Man- 
ager, Nucleonics, 330 W. 42nd St., New York 36, N. Y. 
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Reed-Curtis Nuclear Industries, 
Inc. 

9459 W. Jefferson Blvd. 

Culver City, Calif. 


St. John X-Ray Laboratory 
Califan, N. J. 


A. M. Samples Machine Co. 
208 Fazewell PI. 
Knoxville 18, Tenn. 


Technical Associates 
140 W. Providencia Ave. 
Burbank, Calif. 


Technical Operations, Inc. 
6 Schouler Court 
Arlington 74, Mass. 


Tracerlab, Inc. 
1601 Trapelo Rd. 
Waltham 54, Mass. 


Volk Radio Chemical Co. 
5412 N. Clark St. 
Chicago 40, III. 


Whitehead and Hoag Co. 
272 Sussex Ave. 
Newark, N. J. 


Ionization Chamber Dosimeters* 


American Electronic, Inc. 
211 Chico Avenue 
El Monte, Calif. 


Baldwin Instrument Company, 
Ltd. 

Brooklands Works 

Dartford, Kent, Eng. 


Bar-Ray Products, Inc. 
209 25th St. 
Brooklyn 32, N. Y. 


Arnold O. Beckman, Inc. 
1020 Mission St. 
South Pasadena, Calif. 


Bendix Aviation Corp. 
Cincinnati Div. 

203 W. Third St. 
Cincinnati 2, Ohio 





Cambridge Instrument Co., Inc. 
Grand Central Terminal 
New York 17, N. Y. 


Chatham Electronics Corp. 
Livingston, N. J. 


Cinema-Television, Ltd. 
Worsley Bridge Rd. 
London S.E. 26, Eng. 


Detectolab, Inc. 
6544 N. Sheridan Rd. 
Chicago 26, III. 


Devtron Engineering 
1 Winslow St. 
Redwood City, Calif. 


Electromation Co. 
116 S. Hollywood Way 
Burbank, Calif. 


*From Richards, A. G., and others: X-Ray Protection in the Dental 


Office, J. A. D. A. 56: 520-521, 1958. 


The reader is also referred to the Buyers’ Guide Issue of Nucleonics 
(published annually); may be obtained by writing to Fulfillment Man- 
ager, Nucleonics, 330 W. 42nd St., New York 36, N. Y. 


El-Tronics, Inc. 
5th and Nobel Sts. 
Philadelphia 27, Pa. 


General Electric Co. 
X-Ray Dept. 

4855 Electric Ave. 
Milwaukee 1, Wis. 


Landsverk Electrometer Co. 
550-552 W. Garfield Ave. 
Glendale 4, Calif. 


Librascope, Inc. 
808 Western Ave. 
Glendale, Calif. 


NRD Instrument Co. 
6427 Etzel Ave. 
St. Louis 14, Mo. 


Nuclear Instrument & Chemical 
Corp. 

229 W. Erie Street 

Chicago 10, IIl. 
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Pacific Transducer Corp. 
11836 S.W. Pico Blvd. 
Los Angeles 64, Calif. 


Reed-Curtis Nuclear Industries, 
Inc. 

307 Culver Blvd. 

Playa del Rey, Calif. 


Special Instruments Lab. 
*Spinlab”’ 

312 W. Vine Ave. 
Knoxville, Tenn. 


Tracerlab, Inc. 
1601 Trapelo Rd. 
Waltham 54, Mass. 


Universal Atomics 
36 Sylvester St. 
Westbury, L. I., N. Y. 


Victoreen Instrument Co. 
5806 Hough Ave. 
Cleveland 3, Ohio 


Replacement Timers* 


Electronic Timers 


Electronic Control Corp. 
1573 East Forest Ave. 
Detroit 7, Mich. 


Hanau Engineering Co., Inc. 
Buffalo 9, N. Y. 


Synchronous Motor Timers 


X-Ray Mfg. Corp. of America 


1750 Plaza Avenue 
New Hyde Park, N. Y. 


(for use with older XRM machines only) 





*From Richards, A. G., and others: X-Ray Protection in the Dental 
Office, J. A. D. A. 56: 521, 1958 (revised in accordance with author’s 
instructions). (See also second footnote, page 224.) 
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tration ) 
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Atomic structure, 36-39 
arrangement, 38 
building of elements, 37 
electron, 36-38 
fundamental particles, 36 
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mass, 38 
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number, 37, 38 
proton, 36-38 
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Fig. 32 
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materials, suppliers of, 222 

need for height, 123 

primary radiation associated 
with, 115, 118, 121 

protection requirements, 124, 
125 


secondary radiation associated 
with, 115, 118, 121, 
Fig. 29 

suitable material, 123 

Beam, useful, defined, 106 
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mation, 138, 139 

reduction of diameter, 136-139 

related to primary radiation, 
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Biologic effects, 26-43 
accumulative, genetic, 33, 91 
somatic, 83, 88, Fig. 23 
action on tissue, 26 
death of dentists, cause of, 
101, 102 
of eee cause of, 95, 


direct, 42 
evolutionary changes, 29 
genetic tissues, 89-93 
immediate, 42 
indirect, 42 
injury, 95, 107-111 
latent, 42, 93, 94 
leukemia, 95-97 
life shortening, 95-97 
limitations, 26 
mutations (see Mutations) 
organs and tissues, 81, 106 
reversibility of, 14, 42 
safety interval between expo- 
sures, 83, 84 
somatic cells, 87-89 
specific area, 78-86 
cells, 81 
variations, 24, 26, 79-81, 106 
whole body, 85, 87 
variations, 24, 79-81, 106 
Bureau of Standards, National, 
13 


Burgonie and Trebondeau, law 
of, 80 
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c (curie), 60 
Calculations, dental x-ray machine 
output, 64-75 
distance, 72-75 
film speed, 72-75 
kilovoltage peak, 72-75 
maximum permissible 
dose, 99 


milliampere seconds, 72- 


5 
Cancer, thyroid, 104, 107-111 
Care, need for, 14, 44, 86, 93, 
107, 108, 118, 127 
Cassette, wall, 121 
Cataracts, eye, 104, 107-111 
Cathode (see X-ray tube, construc- 


tion of) 
Cause of death of dentists, 101- 
102 


of physicians, 95, 96 
Cell, composition, 89 
methods of reproduction, 89, 
Fig. 25 
process of division, 90 
relation to radiation exposure, 
80, 81, 106 
Central ray, defined, 136 
diameter of, 136 
variances of, 138 
useful beam, 106 
Characteristic radiation, 45, 49, 


50 
Charges, repellence of like, 48, 
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ig. 
Children, caries in, 179 
effect of radiation on, 82, 83, 
107 
gonadal dose, 179 
importance of filtration and col- 
limation, 180 
lateral jaw surveys, 180 
roentgenographic services for, 
179-181 
thymus irradiation, 180 
Cloud, electron, 45, 56, 58, 77, 
Fig. 6 (see also X-ray 
tube, construction of) 
Collimation, construction of dia- 
phragm, 141-143, Fig. 
39 
defined, 136 
in dentistry, 136-143, 144 
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Collimation—Cont’d 


dentist’s responsibility for, 145 

effect of, 136-145 

in medicine, 144 

peripheral radiatian, 139, Fig. 
38 


proper beam diameter, 138, 139 
related to dental x-ray machine 
output, 74, 75 
secondary radiation, 139, Fig. 

38 


Composition of cell, 89 
of matter, 36 
Compounds, definition, 39 
destruction by radiation, 39 
structure of, 36-39 
Conductivity, thermal, copper vs. 
tungsten, 54 
Cone cutting, 144, 145, Fig. 40, 
Fig. 43 
defined, 144 
illustrated, 144 
long, 144, 157 
open-ended plastic, 144 
technique, long cone, 157 
Construction of barriers, 123-127, 
Fig. 32 
of diaphragms, 140-144, Fig. 39 
of filters, 135, 136 
of x-ray tube, 46-58, Fig. 6 
Continuous spectra radiation, 45, 


Contrast, film, filtration, effect on, 
134 
relation to kilovoltage peak, 
71, 168, Fig. 46, Fig. 
47, Fig. 48 
Control and legislation, 18-20 
possible future actions, 182, 
183 
restriction of radiation use, 
20;. 22 
standards for equipment, 21 
Conventional settings, dental 
x-ray machines, 58 
Conversion of energy, 52, Fig. 9, 


Fig. 10 

Copper used as filtering material, 
130 

Corpuscular (particulate) radia- 
tion, 43, 79 


Cosmic radiation, 43 


Cumulative effects on tissue (see 
Accumulative _ effects; 
Biologic effects) 

Curie (c), 60 

Current, ere 46, 47, 76, 


Curved vs. flat surface barrier, 123 
Cutie-pie ionization chamber, 62 
Cutting, cone (see Cone cutting) 


D 


Daily exposure totals (see also 
Dose; Maximum per- 
missible dose) 

sa vs. dental office, 
122 


Dangers to operator, carelessness, 
111 


film holding, 111 
fluoroscopic mirror, 112 
position, 149-153 
proximity, 122 
from primary radiation, 79, 105, 
133 


to operator, 111-113 
to patient, 106-111 
from secondary radiation, 113- 
123 


to operator, 121-123 
to patient, 117, 121 
Darkroom, care of, 159, 160, 165, 
167 


proper use of, 159, 161, 167 
testing of, 159, 160 
Death of dentists, cause of, 101- 
102 
of physicians, cause of, 95, 96 
Definitions, 198-214 
Densitometer (photoelectric), use 
of, 
Density, film (see also Film, den- 
sity 
relation to kilovoltage peak, 
8 


to milliampere seconds, 66- 
6 


role of milliamperage, 146 
time lag in filament heating, 


Dental Association, American, 21 

Dental exposure and cataract for- 
mation, 107, 108 

and thyroid cancer, 107, 108 


Dental—cCont’d 


personnel, problems associated 
with, 93-102 

radiologists, 21-23, 35 

roentgen): dilemmas in, 21- 


attitudes of dentists, 23, 24 
impeded specialization, 22 
justification for specializa- 
tion, 22 
specialization, 21-23, 35 
x-ray saa adjustments, 56, 
5 


conventional settings, 58 
Dentist(s), attitudes of, 23 
position of, when exposing film, 
149-152 
Dentistry, treatment profession, 15 
Developer, conventional, 163, 167 
high energy, 165, 167 
slow, 163 
Developing, forced, 163 
Diagnostic films for children, 179- 
181 


between 


interval exposures, 


lateral jaw surveys, 180 
safe number, 20, 106, 
178 
Diagram, wiring, 56, 57, Fig. 13 
Diaphragm, diameter of aperture, 
140, 141, 143 
effect of, 139 
incorrectly constructed, 144 
in medicine, 144 
preparation of, 140-144, Fig. 39 
Dilemmas in dental roentgenology, 
21-25 
attitudes of dentists, 23, 24 
impeded specialization, 22 
justification for specializa- 
tion, 22, 23 
. specialization, 21-23, 35 
Direct effect of radiation, 42-87 
Disposal and control of radiation 


128, 


waste, 29 
Disservice, press, radio, TV, 17, 
18 


Distance as radiation barrier, 123, 
Fig. 41, Fig. 42 
calculations associated with, 72- 


73 
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Distance—Cont’d 
compensation for timer inade- 
quacy, 156-157 
effect of, 144-153 
radiation injury, 145 
target-film, 156-157 
Divergence of x-radiation, 147-149 
Division, cell, process of, 90 
Dose, accumulated, safe margin, 


air vs. tissue, 79, 80 

doubling, 31, 32 

erythema, 82, 93 

exit, 86 

to face from dental film, 104 
gonadal, 30, 33, 82, 87 

to gonads from dental film, 82, 


maximum permissible (MPD), 


median lethal (MLD), 24 

methods for reduction, 155, 165 
(see also Film; Col- 
limation; Kilovoltage 
peak; Filtration; Dis- 
tance ) 

minimum, to produce eye cata- 
ract, 107 

to produce thyroid cancer, 


to nondental personnel, 103 

permissible, 24, 97 

to population, 98 

to radiation workers, 100-101 

specific area, 82 

whole-body, 32 

x-radiation, increased use of, 93- 

95 
Dosimeter, 62, 63, 224 
Doubling dose, 31, 32 
related to background, 14 


E 


Efficiency of x-ray tubes, 49 

Electromagnetic radiation, 43, 49, 
79 

Electron (see also Atomic struc- 
ture ) 

cloud, 45, 56, 58, 77, Fig. 6 

(see also X-ray tube, 
construction of) 
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Electron—Cont’d 


rate of stoppage in x-ray pro- 
duction, 51, 52 
timer in_ providing 
short exposures, 74 
sources of supply, 225 
use in old machines, 156, 158 
Elements (see Atomic structure) 
Energy conversion, 52, Fig. 9, Fig. 
10 
Equipment, barriers, 115, 123-127 
collimators (see Collimation) 
establishment of standards, 21 
filters (see Filtration) 
lead apron, 119, 120, 180 
radiation measuring, 62, Fig. 16 
registration of, 19, 182 
timers, accuracy of, 72, 75-77, 
Fig. 21 
electronic, 74, 156, 158, 225 
sources of replacement, 225 
x-ray machine, adjustment of, 


Electronic 


exposure factor determina- 
tion, 162-167 
machines in use, 117 
Erythema dose, 82, 93 
Evolutionary changes, 29 
Exit dose, 86 
Exposure factors, determination 
of, 162-167 
interval between, 83-85 
maximum to population, 30, 31, 


permissible dose, 97-101, 103 
overexposure, nonspecific symp- 
toms, 95-97 

population, effect on, 33 
related to developing time, 166, 
167 


to filtration, 135 
safe interval between, 83, 84 
selection of optimum, 162-165, 
Fig. 44 
unnecessary, 135 
vs. individual exposure, 30, 78 
vs. living standards, 92, 95 
x-ray machine factors (see X-ray 
equipment) 
External filtration, 55, 69-71, 74, 
75, 131-135 
Eye cataracts, 104, 107-111 
irradiation, 180 


F 


(see Background radia- 
tion, additions to) 
Federal action, 19 
Federal Radiation Council, 19 
Filament heating, time lag, 77 
Film, badges, 12, 63, 223 
contrast, 59, 71 
density, 59, 66-68, 132, 
146, 165, 169 
related to time lag in fila- 
ment heating, 77 
to use of mechanical timers, 
156 
selection of proper exposure 
time, 162-167 
developing, 161 
fixing, 161 
fog, 139, 155, 158-162, 175 
frequency in taking, 168 
high-speed, difficulties with, 155 
holding of, by dentist, 111 
improper storage, 155 
lateral jaw, 180 
overdeveloping, 163, 165, 166 
overdevelopment, purpose of, 
163, 165 
overexposure, 162 
processing related to speed, 161 
relation of speed to tissue in- 
jury, 128, 153-155, 
178 
retakes, 176 
rinsing, 161 
safe number, 20, 106, 128, 178 
safety interval between expo- 
sures, 83, 84 
single vs. double emulsion, 154 
sinus, 121 
size of periapical, 138 
speed, 72, 73, 146, 163, 175, 
Fig. 43 
related to grain size, 154 
storage, 161 
types available (intraoral), 153- 
155 


Fallout 


134, 


Filtration, compensation for timer 
inadequacies, 158 
cone, effect of, 134 
construction of filters, 135-136 
desirability of, 129 
effect of, 54, 63, 69, 128-136, 
Fig. 20 


Filtration—Cont’d 
effect on milliroentgen output, 
135 


external, 55, 69-71, 74, 75, 131- 
135 


film contrast, 134 

density, 132, Fig. 35 
inherent, 131-133, 156 
material used, 129 
other uses, 129 _ 
position in machine, 136, 140 
radiation reduction, 131-136 
related to dental x-ray machine 

output, 74, 75 

in relation to penetration, 54 


role of, 128-130, Fig. 33, Fig. 
34 


size, 140 
test for adequacy, 133 
Fluoroscopic mirror, 112 
Focal spot, 47, 48, Fig. 6 (see 
also X-ray tube, con- 
struction of) 

Fog, film, 139, 155, 158-162, 175 
inherent, test for, 161 
related to _ peripheral 

coverage, 139-140 
to secondary radiation, 137 

Forced developing, 163 

Fourth Estate, 16 

Freedom of press, 16 
misuse, 17-18 

Frequency of re-examination, 178 


area 


G 


Gamma radiation, 43 
Genetic complications, 89-93 
implication, 24, 32, 91, 92, 106 
Glossary, 198-214 
Gonadal dose, 30, 33 (see also 
Gonads; Biological ef- 
fects) 
to children, 179 
dental exposures, 82, 87 
genetically accumulative, 33 
male vs. female, 87 
mutations (see Mutations) 
reduction through exposure 
and processing, 165 
Gonads, radiation to, 117, 118, 
121 
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H 


Half-value layer (hvl), 53-55, 71 
relation to penetration, 54 
Headlines, population reaction to, 
17 


Heat generation, x-ray tube, 49 

Heterogeneous spectra radiation, 
45, 50, 52, 128, Fig. 
10 

hvl (half-value layer), 53-55, 71 

Hydrogen peroxide, formation of, 
39-41, Fig. 5 


I 


Immediate effect of radiation, 42- 


Indirect effect of radiation, 42 
Industrial use of radioactivity, 29 
Inherent filtration, 131, 132, 156 
Injurious effects of x-radiation, 
78-104 (see also Bi- 
ologic effects) 
Intensity of x-radiation, 53, 64, 


106, 130 
in relation to kilovoltage, 53, 
Fig. 11 
Inverse square law, 56, 64, 121, 
146, 157 


Ion pair, 37, 38, Fig. 4 
Ionization, 36, 38 
chamber, 61-63, 70 
cutie pie, 62 
pencil-type, 62 
dosimeters, 62, 63, 224 
of water, 39-41, Fig. 5 
Ionizing radiation, 13, 35 (see also 
Radiation ; X-radia- 
tion ) 
action on water, 39, 40, 41 
idiosyncrasy to, 24 
measuring equipment, 60-63, 
Fig. 16 
measurement of, 60, 61 
sources of, 27-29, 42, 43 
tissue, action on, 26, 39, 42 
type in relation to tissue in- 
jury, 81 
unnecessary exposure, 135 
Irradiation, eye, 180 
thyroid, 180 
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Irreversibility of effects, 14, 42, 
91, 105, 106 
Isotopes, definition of, 37, 38 


radioisotopes, 43 


J 


Judgment in radiation use, 20, 21 
Justification of radiation use, 14, 


K 


Kilovoltage peak (KVP), 51 
defined, 45, 46, 167 
in relation to: 
calculations, 72, 75 
contrast, 71, 168, Fig. 46, 
Fig. 47, Fig. 48 
density, 66-68 
dentistry, 66-68 
diagnostic film quality, 168 
fog, 158 
half-value layer, 53 
injury reduction, 107-174 
intensity, 53, Fig. 11 
milliampere seconds, 64-69, 
Fig. 17, Fig. 18, Fig. 
19, Fig. 20 
patient exposure, 174 
penetration, 52, 168-172, 
Fig. 46, Fig. 47, Fig. 
48 
quality of radiation, 167 
secondary radiation, 113 
tube output, 64-72 
variable, 65 
wave length, 53 
role of, in determining pene- 
tration, 51 
Knowledge, scope of present, 26 


L 
Latent effect of radiation, 42, 93, 
94, 95-97, Fig. 26 
period, 42, 93, 94, 105, Fig. 
26 


Laws, Burgonie and Trebondeau, 


0 
inverse square, 56, 64, 121, 146, 
157 


Layer, ee (hvl), 53-55, 
1 
Lead aprons, for children, 180 
general use of, 119, 120 
in pregnancy, 181 
diaphragm, 136, 140 (see also 
Collimation ) 
construction of, 140-144 
diameter of aperture in, 140, 
141, 143 
incorrectly constructed, 144 
position in machine, 140 
Leakage radiation, 82, 83, 107, 
136 


testing for, 180 
Legal aspects, 177-183 
basis for action, 177 
implications, 177, 178 
Legislation and control, 18-20 
possible future actions, 182- 
183 
restriction of radiation use, 
standards for equipment, 21 
Legislative action, 182 
registration of machines, 182 
Lethal dose (see Dose, median 
lethal) 
Leukemia, 95-97 
Life shortening, 95-97 
Limitations, 26 
Literature, survey of, 187-197 
Living standards in relation to to- 
tal exposure, 92, 95 
Long cone technique, 157 
Long wave length radiation, 28 
absorption of, 129 


M 


Malnourishment, relation to radi- 
ation exposure, 81 

Margin of safety in accumulated 
dose, 33 

MAS (milliampere seconds), 56, 
64 


Mass (see Atomic structure) 
Matter, composition of, 36 
Maximum _ permissible 
(MPD), 97-101 
calculations, 99 
defined, 97 
exposure to man, 215-222 


dose 


Maximum permissible dose—Cont’d 
to population, 98 
to radiation workers, 100- 


Measurements of radiation, 60 
Mechanical timers, inaccuracy, 
72, 156, 158 
Median lethal dose (MLD), 24 
Methods of reducing dose (see 

Collimation; Distance; 
Dose; Film; Filtration; 
Kilovoltage peak) 
Milliamperage (see also Milliam- 
pere seconds) 
compensation for timer inade- 
quacies, 157, 158 
conventional, for dental 
chines, 58 
extent of variation, 168 
role in density maintenance, 146 
Milliampere seconds (mas), cal- 
culations associated 
with, 72-75 
compensation for timer in- 
adequacies, 157, 158 
defined, 56, 64 
relation to film density, 66-68 
to kilovoltage peak, 64-69, 
Fig. 17, Fig. 18, Fig. 
19, Fig. 20 
to tube output, 65-72 
Milliroentgen output, film expo- 
sure, 135 
relation to filtration, 135 
relation to tissue penc- 
tration, 135 
Mirror, fluoroscopic, 112 
Mitosis, 89 
MLD (median lethal dose), 24 
Movement of x-ray head, 122 
MPD (maximum _ permissible 
dose), 97-101 
Mutations, genetic complications, 


ma- 


89-93 
minimum vs. gross deformities, 
91 


present rate, 32 

rate in relation to background 
radiation, 14, 31 

recessive characteristics, 32, 91 

spontaneous, 13, 14 

survival potentials, 29 
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N 
National Academy of Sciences, 
committees of, 30 
National Bureau of Standards, 132 
National Research Council, com- 
mittees of, 30 
Natural radiation (see Background 
radiation) 
Need for care, 14, 44, 86, 93, 
107, 108, 118, 127 
Neurosis, nuclear, 16 
Neutron (see Atomic structure) 
Nondental personnel, group de- 
fined, 103 
problems associated 
102-104 
Nonspecific symptoms of overex- 
posure, 95-97 
Nuclear accidents, 16 
neurosis, 16 
Number, atomic, 37, 38 


with, 


O 


Operator, dangers to, carelessness, 
11 


film holding, 111 
fluoroscopic mirror, 112 
position, 149-153 
proximity, 122 
primary radiation, 111-113 
secondary radiation, 121-123 
Optimum exposure, selection of, 
162-165, Fig. 44 
Roentgenology, American 
Academy of, 21 
Output of dental x-ray machines, 
63, 64, 84 
associated 
64-75 
practical examples, 72-75 
relation to collimation, 
74, 75 
relation to distance, 56, 
64, 121, 146, 157 
relation to filtration, 74, 


Oral 


calculations, 


relation to 
peak, 64-69 
relation to milliampere 
seconds, 64-69 
RUT symptoms of, 95- 


kilovoltage 
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Pp 


Particulate (corpuscular) 
tion, 43, 79 

Patient, primary radiation, 
111 


radia- 
106- 


reduction of x-radiation to, 165 
secondary radiation, 117, 118, 


121, 149 
Pencil-type ionization chamber, 
Penetration, relation to atomic 


structure, 38, 39 

to filtration, 54 

to half-value layer, 54 

to kilovoltage, 52, 168-172, 
Fig. 46, Fig. 47, Fig. 
48 


to rate of electron stoppage, 


to target material, 53 
to wave length, 53, 129 
Period, latent, 42, 93, 94, 
Fig. 26 
Peripheral radiation in relation to 
collimation, 139, Fig. 
38 


105, 


Permissible dose, 24, 97 
defined, 97 
range, 24 
Personnel, dental (see Nondental 
personne! ) 
Phenomena in x-ray production, 
Physical principles of x-radiation, 
Population exposure (see also Spe- 
cific area radiation; 
Whole-body radiation) 
average, effect of, 33 
maximum __ permissible 
97-101, 103 
to population, 30, 31, 34, 
35 
relative to living standards, 
92-95 
vs. individual exposure, 30, 
78 
Pregnancy, effect of radiation on, 
82, 83 
radiation limit during, 181 
roentgenographic services __in, 


181 


dose, 


Press, disservice, 17, 18 
freedom, 16 
Primary radiation associated with 
barrier material, 115, 
118, 121 
dangers of, 79, 105-113 
defined, 58, 59, 105, Fig. 
14 


production of, 45-53 
in relation to operator, 111- 
113 


to patient, 106-111 
useful beam, 106 

Professional responsibility, 14, 15, 
16, 20, 23, 25, 35, 93, 
104, 108, 118, 128, 
145, 178 

Proton (see Atomic structure) 

Public reaction, 16, 18 

Purpose of text, 15 


Q 
Quality of x-radiation, 53-55, 146 
Quantity of x-radiation, 56-58, 
146 


R 


r (roentgen), 60, 61, Fig. 15 

rad (roentgen absorbed dose), 60 

Radiation, absorption of, 38, 55, 
129 


accumulated by population, 117 
accumulative, 33 
additions to background, 13, 16, 


20, 86, 92 
background, 13, 27, 38, Fig. 2, 
Fig. 3 


estimates of, 32-34 
biologic effects, 26-43, 78-104 
characteristic, 45, 49, 50 
children, effect on, 82, 83, 107 
roentgenographic services for, 
178-181 
continuous spectra, 45, 50, 52 
corpuscular, 43, 79 
cosmic, 43 
dental contribution, 14, 33 
responsibilities, 14, 15, 35, 
174-178 
direct effect, 42-87 
discovery of x-rays, 13 
effect of (see Biologic effects) 
on future generations, 117 


Radiation, effect—Cont’d 
on pregnancy, 82, 83 
electromagnetic, 43, 49, 79 
gamma, 43 
to gonads, 117, 118, 121 
idiosyncrasy to, 24 
indirect effect, 42 
industrial, 13, 29 
injurious effects of, 78-104, 107- 
111 


ionizing, 13, 35 

irreversible, 33 

judgment in use of, 20, 21 
justification of use, 14 
legislation, 18 

legislative restriction of use, 20, 


22 
long wave length, 128 
man produced, 31, 33, 34 
measuring equipment, 62, Fig. 
16 


measurement of, 60 

military, 13 

particulate, 43, 79 

patient accumulation, 162 

population exposure, 30-35, 78, 
103 


primary, 45-53, 59, 105-113 
related to malnourishment, 81 
scatter, 172 

secondary, 59, 79, 80, 113-123, 


139 
soft, 54 
sources of, 27, 28, 42, Fig. 1 
specific area, 31, 32, 78-86 
spontaneously emitted, 59 
whole-body, 31, 32, 85-87 
x-radiation (see X-radiation) 
Radiation Council, Federal, 19 
Radiation coverage, 78 
peripheral areas in relation 
to film fog, 139-140 
specific area, 78-86 
whole-body, 86, 87 
Radiation injury to assistant, 145, 
149 
methods of preventing, 105- 
127 
of reducing, 128-176 
to operator, 111, 112, 
122, 145, 149 
to patient, 106-111, 113-123 
in relation to collimation, 139 


113, 
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injury in relation— 


Cont’d 
to distance, 145 
to film speed, 153-155 
to filtration, 129 
to kilovoltage, 107-174 
Radio, disservice, 17, 18 
Radioactivity, industrial use of, 29 
Radioisotopes, 43 
Radiologists, dental, 21-23, 35 
Range, permissible dose, 24 
Rate of stoppage, electrons in 
x-ray production, 51, 


Radiation 


Ray, central, defined, 136 
diameter of, 136 
variance of, 138 
useful beam, 106 
RBE (relative biological effective- 
ness), 60, 80, 88 
Reactions, public, 16, 18 
Re-examination, frequency of, 178 
Registration of equipment, 19 
Relative biological effectiveness 
(RBE), 60, 80, 88 


rem (roentgen equivalent man), 
rep (roentgen equivalent physical), 
60 


Repellance of like charges, 48, 
Fig. 8 
Replacement timers, 225 
Reproduction, cell, 89, Fig. 25 
Research Council, National Com- 
mittees of, 30 
Responsibility, legislation and con- 
trol, 18, 19 
press, radio, TV, 16-18, 87 
professional, 14, 15, 16, 20, 23, 
25, 35, 93, 104, 108, 
118, 128, 145, 175, 
178 
Roentgen (r), unit of measure- 
ment, 60-61, Fig. 15 
Wilhelm Konrad, 13, 93 
Roentgen absorbed dose (rad), 60 
Roentgen equivalent man (rem), 


60 
Roentgen equivalent physical 
(rep), 60 
Roentgenographic films (see 
Films) 
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Roentgenology, American Acade- 
my of Oral, 21 
Roentgenology, dental, dilemmas 
in, 21-25 
specialization in, 21, 22 


Ss 


Safe number, diagnostic films, 20, 
106, 128, 178 

Safety margin for accumulated 
dose, 33 

Scatter radiation, 152 

Scope of present knowledge, 26 

Secondary radiation and assistant, 


associated with barrier ma- 
terials, 115, 118, 121, 
Fig. 29 

dangers of, 113-123 

defined, 58, 59, 113, Fig. 14 

film fog, 139 

and operator, 121 

and patient, 117, 118, 121, 
149 


possible source, 114, Fig. 30, 
Fig. 31 
production of, 79, 80, 139 
quality and quantity control, 
113, 114 
relation to collimation, 139, 
Fig. 38 
to kilovoltage, 113 
to tissue density and thick- 
ness, 113 
scatter to other tissues, 139 
Self-rectifying tube, 47 
Share concept, 14 
Short wave length, 128, 129 
copper filtration, 130, 131 
function of  kilovoltage 
peak, 53 
of target material, 53 
Sine wave, alternating current, 47, 
76, Fig. 7 
Soft radiation, 54 
Somatic cell irradiation, 87-89 
Sources of ionizing radiation, 27- 
29, 42-43, Fig. 1 
Specialization in dental radiology, 
21-23, 35 
impeded, 22 


justification for, 22 


Specific-area radiation, 31, 32, 


in dentistry, 82-86 

vs. whole-body, 85, Fig. 24 
Speed, film, 72, 73, Fig. 43 

relation to tissue injury, 128, 


Spinning top test, 75-77, Fig. 21 
Spontaneous mutation rate, 14 
Spontaneously emitted radiation, 


Standards for equipment, 21 
Step wedge, 169, Fig. 45, Fig. 46, 
Fig. 47, Fig. 48 
exposure experiment, 169-172 
Sunburn vs. x-radiation, 93 
Survey of literature, 187-197 
Survival of fittest, 13, 29 
Symptoms of overexposure, 95-97 
Synchronous timer, 74, 225 
use in old machines, 156, 158 


T 


Target material, relation to pene- 
tration, 53 
selection of, 53, 54 
tungsten, 136 
Target-film distance, 156-157 
Terms, glossary of, 198-214 
Tests, darkroom lighting, 159-160 
spinning top, 75-77, Fig. 21 
Text, purpose of, 15 
Thermal conductivity, copper vs. 
tungsten, 54 
Thymus irradiation, 180 
Thyroid, cancer, 104, 107-111 
irradiation, 180 
Time lag in filament heating, 77 
Timers, x-ray, accuracy of, 72, 
75-77, Fig. 21 
compensation methods, 72-75, 
156-158 
electronic, 74, 156, 158, 225 
inaccuracy of, 72, 156, 158 
inadequacies of, 156 
sources of replacement, 225 
synchronous, 74, 225 
Tissue coverage, 109, 110, 138, 
139, Fig. 27, Fig. 28 
dose vs. air dose, 79, 80, Fig. 22 


penetration, 129 


Tissue penetration—Cont’d 


coverage, 109, 110, 138, 139, 
Fig. 27, Fig. 28 
effect of KVP increase, 168- 
172 
of milliroentgen 
135 
mas in relation to kilovoltage, 
129 
relation to secondary radia- 
tion, 113 
resistance to x-radiation, 24, 26, 
80, 81 
response to radiation (see Bio- 
logic effects) 
response of organs, 78, 79- 
81 


output, 


response of specific cell 
types, 78, 79-81 
Tooth germ, effect of radiation on, 


Top, spinning, test, 75-77, Fig. 21 
Total exposure, living standards 
in relation to, 92, 95 
Training, lack of, 14 
Trebondeau and Burgonie law, 80 
Tube housing leakage, relation to 
children, 179 
testing for, 180 
x-ray (see X-ray tube) 
Tungsten target, 136 
TV, disservice, 17, 18 


U 


Units of measurement, 60 
curie (c), 60 
relative biological effectiveness 
(RBE), 60 
roentgen (r), 60 
roentgen absorbed dose (rad), 
60 


roentgen equivalent man 
(rem), 60 

roentgen equivalent physical 
(rep), 60 


Useful beam, defined, 106 
diameter in relation to colli- 
mation, 138, 139 
reduction of diameter, 
139 
related to primary radiation, 


136- 
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Vv 


Variable kilovoltage technique, 695 
Variations, biologic, 24, 79-81, 106 
Voltage, 167 


WwW 


Wall cassette, 121 
Waste disposal and control, 29 
Water formation, 39, 40 
ionization of, 39, 40, 41, Fig. 5 
Wave length, penetration, 53, 129 
relation to kilovoltage peak, 
53 
short, 128, 129 
target material, 53 
of x-radiation, 53 
Wedge, step, 169, Fig. 45, Fig. 46, 
Fig. 47, Fig. 48 
exposure experiment, 169-172 
Weight, atomic, 37, 38 
Whole-body ei 31, 32, 85- 
8 


definition, 86 

maximum _ permissible 
97-101 

permissible, 32 

to population masses, 32, 33, 
78, 100 

to specific individuals, 32, 33, 


dose, 


d 


vs. specific-area radiation, 85, 
Fig. 24 

Wilhelm Konrad Roentgen, 13, 93 

Wiring diagram, 56, 57, Fig. 13 


X 


X-radiation (see also Collimation 
[diaphragming];_Dis- 
tance; Film speed; Fil- - 
tration; Kilovoltage; 
Radiation ) 

characteristic, 44, 45, 49, 50 

children, effect on, 82, 83, 107 

roentgenographic services for, 

178-181 

defined, 44 

dental responsibilities, 14, 15, 
20, 23, 35, 93, 104, 
118, 128, 145, 175-178 

discovery, 13 
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X-radiation—Cont’d 


divergence of, 147-149 

effect on tooth germ, 106 

electron rate of stoppage in 
ie production, 51, 


exit dose, 86 

to gonads, 117 

heterogeneous, 44, 45, 50-52, 
Fig. 10 

increased use, 93, 95, 117 

injurious effects, 78-104, 107- 
111 

intensity, 53, 64, 106, 130 

justification of use, 14 

leakage, 82, 87, 107, 136 

measuring equipment, 62, Fig. 
16 


measurement of, 60 
medical-dental contributions, 13 
output, dental machines, 63-75 
per complete mouth x-ray, 
175 


physical principles, 44-77 
primary, 45-53, 59, 105-113, 168 
production of, 44-53, 136 
quality of, 53-55, 146 
quantity of, 56-58, 146 
reduction to patient, 165 
to peripheral tissues, 139 
relation to assistant, 149 
to distance, 144 
to operator, 138, 149 
to pregnancy, 181 
restriction of use, 22, 23 
scatter, 152 
secondary, 29, 59, 80, 113-123, 
139, 168, Fig. 30, Fig. 
31 


timers, accuracy of, 75-77 


X-radiation—Cont’d 


tissue resistance to, 24, . \ 


tube (see X-ray tube) 

vs. sunburn, 93 

wave length, 53 

whole-body vs. specific-are 5, 


Fig. 24 
X-ray beam, diameter in re. om 
to collimation, 8, 
139 
reduction of diameter, 6- 


related to primary radia n 
106 


equipment exposure factors, e- 

termination, 162-1€ 
role in radiation red c- 

tion, 165 

machine adjustments, 56, 57 

conventional settings, 58 

tube, collimation, 136-139, F g. 

36 


construction of, 46-48, Fig. 6 

Coolidge-hot cathode, 93 

description of, 45 

displacement, test for, 144 

efficiency of, 49 

filtration, 63, 69 

focal spot, 47, 48 

function of, 45-53, Fig. 6 

heat generation, 49 

malposition of, 144 

movement of tube head dur- 
ing operation, 122 

output, 63-75 

self-rectification, 47 

target material, properties of, 


useful beam, 106 
wiring diagram, 56, 57 
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